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[57] 



ABSTRACT 



The invention relates to a vaccine which comprises an 
antigen and an immune response augmenting agent. The 
immune response augmenting agent is capable of enhancing 
T cell lymphokine production. Suitable immune response 
augmenting agents include, but are not limited to, DHEA, 
DHEA-derivatives and DHEA congeners. 

The invention also relates to a method for enhancing a 
vaccine-induced humoral immune response which com- 
prises administering a vaccine which comprises an antigen 
and an irnmunomodulator. The immunomodulator may be 
an immune response augmenting agent, a lymphoid organ 
modifying agent or a mixture of the immune response 
augmenting agent and lymphoid organ modifying agent. 
Suitable lymphoid organ modifying agents include, but are 
not limited to, 1,25-dihydroxy Vitamin D 3 , 25-hydroxy 
Vitamin D 3 , biologically active 1,25-dihydroxy Vitamin D 3 , 
derivatives which are capable of activating the intra-cellular 
Vitamin D 3 receptor, all trans-retinoic acid, retinoic acid 
derivatives, retinol, retinol derivatives and glucocorticoid. 
Alternatively, the method for enhancing a vaccine-induced 
humoral immune response comprises separately administer- 
ing the immunomodulator and a vaccine containing an 
antigen. 

50 Claims, 18 Drawing Sheets 
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VACCINE COMPOSITIONS AND METHOD An immune response is initiated following T cell recog- 

FOR ENHANCING AN IMMUNE RESPONSE nition of antigen peptides in the context of self MHC 

molecules, and generally takes place in one of the host's 
CROSS-REFERENCE TO RELATED secondary lymphoid compartments. Cellular activation is 
APPLICATIONS 5 triggered by the binding of antigen to the T cell receptor 
This Application is a continuation-in-part of application <J CR )> formin g an antigenyTCR complex which transduces 
U.S. Ser. No. 08/123,843, (U.S. Pat. No. 5,562,810) filed the antigen-specific extracellular stimulation across the 
Sep. 9, 1993, which is a continuation-in-part of application P lasma membrane, and generates intracellular signals which 
U.S. Ser. No. 08/013,972, filed Feb. 4, 1993 now abandoned mclude the actlvation of Protein kinase C and the increases 
and of application U.S. Ser. No. 07/779,499, filed Oct. 18, 10 10 intracellular calcium. While signal transduction can lead 
1991now abandoned. Ser. No. 07/779,499 now abandoned is to T cell unresponsiveness, positive signal transduction 
a continuation-in-part of application U.S. Ser. No. 07/412, evenls lri S8 er a series of addiuonal biochemical processes. 
270, filed Sep. 25, 1989now abandoned. The specification of ° ne consequence of this activation is the stimulated pro- 
each of these applications is incorporated by reference duction of a number of biologicaUy active molecules, which 
herein in its entirety 15 are collectively termed lymphokines. (See, Alcover et al. 

(1987). Immunol Rev. 95:5; Gelfand et al. (1987). Immunol. 

TECHNICAL FIELD Rev. 95:59). 

The invention relates to vaccine compositions and meth- . Vaccmes are preparations of antigenic material for admin- 

ods of vaccination which provide for higher antibody titres nn Oration to induce in the recipient an immunity to infection 

in the vaccinated individuals. More specifically, the inven- 20 or "^cation by a given infecting agent. Vaccines may be 

tion relates to vaccine compositions containing immune P^pared from viruses, rickettsial bacteria, protozoa and 

response augmenting agents, such as dehydroepiandroster- metazoa. Vaccines may be sterile suspensions of the killed 

one (DHEA), DHEA congeners and DHEA derivatives as organisms, of toxoids or other antigenic material derived 

immunomodulators in the vaccine compositions. The inven- oc from thc or g amsms or recombinant sources, which can be 

tion further relates to methods for enhancing an antigen 25 admi . m stered by injection. Vaccines may be either simple 

specific circulating antibody immune response. vaccmes prepared from one species of organism or a variety 

of organisms, or they may be mixed vaccines containing two 

BACKGROUND OF THE INVENTION or more simple vaccines. They are prepared in such a 

t, ... j « » . >n mariner as not to destroy the antigenic material, although the 

The publications and other materials used herein to lllu- ™ a. a c j j« lL • 

• 4 , u u i i r 4,1 • , . j- methods or preparation vary, depending on the vaccine, 

minate the background of the invention, or provide addi- r r J y 6 

tional details respecting its practice, are incorporated by Vaccine adjuvants consist of agents that are included in 
reference ^ e formulation that are used to enhance the ability of the 

It is known that lymphocytes exported from the thymus anti S enic ma ' erial ™ a vaccine the desired immune 

undergo a series of differentiation events which confer upon 35 res P ons \ and Wlth m ^ Poorly antigenic materials the 
them the capacity to recognize and respond to specific ™s of vaccmaUon depends on the presence of a suitable 
peptide antigens presented appropriately in the context of ad J UVan 1 t m the vaccu f ^ adjUVant ? con ' 
self major histocompatibility complex (MHC) molecules. vemently incorporated m the vaccme before the latter is 
Mechanistically, thymic maturation is a complex process d * tn ° uted containers, although it may be provided in a 

which includes an irreversible rearrangement of T cell 40 ™5 7 the antigenic material 

receptor genes, the cell surface expression of these gene when . the vacciDe 15 rec * uired for ^ m the 
products as disulfide -linked heterodimers, positive and recipien . 

negative selection processes to provide appropriate restric- u s - Pat No * 4,698,221 discloses a vaccine which con- 
tion and avoidance of self -reactivity, and the synthesis and ^ins (a) an antigen, (b) a fat-soluble vitamin, such as 

expression ofCD4 or CD8 as accessory adhesion molecules. 45 Vitamin A » Vitamin D and/or Vitamin E, (c) a zinc 
Microenvironmental influences within the thymus play an compound, and (d) a selenium compound, 
essential role in the fidelity of this process. DHEA is a steroid hormone that has been extensively 

Subsequent to leaving the thymic microenvironment, studied for many years. It has been reported to be involved 
mature T lymphocytes gain access to the recirculating T cell m a wide variety of physiologic, immunologic, and patho- 

pool where they move freely via the blood between mucosal 50 logic conditions (for reviews, see Regelson et al. (1988). 
and nonmucosal lymphoid compartments in the mammalian Ann. N.Y. Acad. Sci. 521:260; Gordon et al. (1986). Adv. 
host (Hamann et al. (1989). Immunol. Rev. 108: 19). Enzyme Reg. 26:355-382). Most endocrinologists believe 
T-lymphocyte expression of lymphoid tissue-specific hom- mat tne primary function of DHEA is to serve as a precursor 
ing receptors, which are complementary for vascular f° r the synthesis of testosterone and the estrogens by the 

addressins on high endothelial venules present in Peyer's 55 gonads. Prior to its release into the bloodstream, the vast 
patches and peripheral lymph nodes, provide a biochemical majority of newly synthesized DHEA becomes sulfated. The 
means for selectivity to this recirculation process (id.). conjugated steroid DHEA-S is a secretory product_of Jhe 
Non-activated lymphocytes can move freely between adrenal gland in humans and certain primates.^HEA-SV 
mucosal and nonmucosal lymphoid tissues due to the pres- represents the major steroid hormone in the circulatibnnof 

ence of both types of homing receptors on their plasma 60 humans, and is converted to DHEA by the enzymatic 
membranes (Pals et al. (1989). Immunol. Rev. 108:111). activity of a steroid sulfatase. 

Effector lymphocytes, and antigen-activated immunoblasts Therapeutic uses for DHEA and certain analogs have been 
which are stimulated in a particular site in the body, reported for diabetes, dry skin, ocular hypertension, obesity, 
however, exhibit a far more selective migratory behavior. and retroviral infections. Illustrative of these reports are the 

These cells move primarily to tissues originally involved in 65 disclosures of U.S. Pat. No. 4,395,408, U.S. Pat. No. 4,518, 
antigen exposure and cellular activation (Hamann et al., 595, U.S. Pat. No. 4,542,129, U.S. Pat. No. 4,617,299, U.S. 
supra; Pals et al., supra). Pat. No. 4,628,052, U.S. Pat. No. 4,666,898, published 
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European Patent Application No. 0 133 995 A2, and pub- FIG. 3C is a graph showing the results of administration 

lished United Kingdom Patent Application No. GB 2 204 of a bolus of DHEA-S to aged mice on the ability of 

237 A. splenocytes from the treated mice to have restored IL-5 

production. 

SUMMARY OF THE INVENTION 5 FIG. 3D is a graph showing the results of administration 

The invention relates to a vaccine which comprises an of a bolus of DHEA-S to aged mice on the ability of 

antigen and an immune response augmenting agent. The splenocytes from the treated mice to have restored ylFN 

immune response augmenting agent enhances production of production. 

IL-2, IL-3, IFN-y or GM-CSF in T cells. Suitable immune FIG. 3E is a graph showing the results of administration 

response augmenting agents include, but are not limited to, 10 of a bolus of DHEA-S to aged mice on the ability of 

DHEA, DHEA congeners and DHEA-derivatives. splenocytes from the treated mice to have restored IL-3 

The invention also relates to a method for enhancing an production, 

antigen -specific circulating antibody immune response FIG. 3F is a graph showing the results of administration 

which comprises administering a vaccine which comprises of a bolus of DHEA-S to aged mice on the ability of 

an antigen and an immunomodulator. The immunomodula- 15 splenocytes from the treated mice to have restored GM-CSF 

tor may be an immune response augmenting agent, a lym- production. 

phoid organ modifying agent or a mixture of the immune FIG. 3G is a graph showing the results of administration 

response augmenting agent and lymphoid organ modifying 0 f a bolus of DHEA-S to aged mice on the production of 

agent. Suitable lymphoid organ modifying agents enhance anti-ovalbumin antibodies by the treated mice. The antibody 

the production of IL-4, IL-5 or IL-10 in T cells. Such agents production is shown for mature adult mice (□), aged mice 

include, but are not limited to, 1,25-dihydroxy Vitamin D 3 (O), and aged mice with DHEA-S injection (•). 

(l,25(OH) 2 D 3 ), 25-hydroxy Vitamin D 3 (25(0H)D 3 ), bio- FIG 4 ^ a graph showing the effect of t ical DHEA 

logically active l,25(OH) 2 D 3 derivatives which are capable applicatioil to aged mice orj the producti on of anti- 

of activating the intracellular Vitamin D 3 receptor, all trans- ovalbumin antibodies by the treated mice. The antibody 

retmoic acid, retinoic acid derivatives, retinol and glucocor- production is shown for mature adult mice (n)j aged mice 

ticoid. Alternatively, the method for enhancing an antigen- (Q)> aged mice ^ DH EA administration at the same site 

specific circulating antibody immune response comprises as the antigen and d mice with DHEA administra _ 

separately administering the immunomodulator and a vac- tion at the opposite site of the ( A) 

erne containing an antigen. ^ FIG. 5 A is a graph showing the effect of DHEA treatment 

BRIEF DESCRIPTION OF THE DRAWINGS in ^ vo on tne production of IL-2 by activated splenocytes 

from thermally injured and control mice. 

1 wnm n V^. ^T^- "f" fu^T* FIG - 5B « a BP** showin g *e effect of DHEA treatment 

l,25(OH),D, administered in vivo on lymphokine produc- . .■ <■ ,™ i_ .• . j i 

tion bv activated solenocvtes in vivo on the production of ylFN by activated splenocytes 

uon oy activated splenocytes. 3J from , hennally injured and COQtrol mice 

FIG. 2A ,s a graph showing the results of DHEA-S FIG. 5C is a graph showing the effect of DHEAtreatment 

supplement, ion on the capacny of T cells from aged m.ce fa vivQ Qn ^ ^ roduction of B , L -4 by activated splenocytes 

to produce IL-2. r 4l _ ,, . . , , , , . r J 

v from thermally mjured and control mice. 

FIG. 2B is a graph showing the results of DHEA-S FIG. 5D is a graph showing the effect of DHEA treatment 

supplementauon on the capacity of T cells from aged mice 40 m ^ 0 „ the of B IL . 5 by activaled splenocytes 

o pro uce . from thermally injured and control mice. 

FIG. 2C is a graph showing the results of DHEA-S CTr eir • , l • <u a * murA. 

, . 6 X r-r ,, c * FIG. 5E is a graph showmg the effect of DHEAtreatment 

supplementation on the capacity of T cells from aged mice • , . nn ~ \ tu ^ u *- < a i 

to roduce IL 5 production or IL-3 by activated splenocytes 

° U fl ." te from thermally injured and control mice. 

FIG. 2D is a graph showing the results of DHEA-S « pjQ ^ fe a „ sbowin the effec( of DHEA treatment 

supplementauon on the capacity of T cells from aged mice m vivo Qn , he production of 6 C M-CSF by activated spleno- 

o pro uce y bM. C y tes ^ rQm tnerma jiy injujeci and control mice. 

FIG. 2E is a graph showing the results of DHEA-S FIG> 6 ^ a h showi the effect of DHEA treatment 

supplementation on the capacity of T cells from aged mice ^ vivo on contact hypersensitivity reS ponses of thermally 

to produce GM-CSF. injured and CQntrol m f ce 

FIG. 2F is a graph showing the results of DHEA-S FIG> 7 ^ a h showing the effect of DHEA treatment 

supplementation on the capacity of T cells from aged mice on resis tance to L. monocytogenes in control and thermaUy 

to produce IL-3. injured C3H mice. 

HG. 2G is a graph showing the results of chronic 55 Fia g is a &&ph s ^omng the effect of topicaUy applied 

DHEA-S supplementation on the humoral responsiveness of DHEA, 16a-bromo-DHEA and 16a-chloro-DHEA on the 

aged mice to an ovalbumin (OVA) challenge. Hie respon- anti-ovalbumin antibody response in aged mice. The anti- 

siveness is shown for mature adult mice (□), aged mice (O), body response is shown for young mice (□), old mice (♦), 

and aged mice with oral DHEA-S (•). old mice with DHEA (•), old mice with 16(a-bromo- 

FIG. 3A is a graph showing the results of administration 60 DHEA (▲), and old mice with 16o>chloro-DHEA (■). 

of a bolus of DHEA-S to aged mice on the ability of FIG. 9 shows the effect of topical administration of DHEA 

splenocytes from the treated mice to have restored IL-2 0 n vaccination of aged mice with recombinant Hepatitis B 

production. Surface Antigen (rHBSAg). The primary and secondary 

FIG. 3B is a graph showing the results of administration antibody responses are shown for aged mice without DHEA 

of a bolus of DHEA-S to aged mice on the ability of 65 treatment (■), aged mice with DHEA treatment at time of 

splenocytes from the treated mice to have restored IL-4 primary immunization (•), and aged mice with DHEA 

production. treatment at time of secondary immunization (*). 
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FIG. 10A shows that primary and secondary antibody 
responses in aged mice following vaccination with rHBSAg 
is enhanced by topically applied DHEA. The antibody 
responses are shown for mature mice without DHEA treat- 
ment (■), mature mice with DHEA treatment (•), aged 
mice without DHEA treatment (A), and aged mice with 
DHEA treatment (♦). 

FIG. 10B shows that primary and secondary antibody 
responses in aged mice following vaccination with rHBSAg 
is enhanced by incorporating DHEA as a component of the 
vaccine. The antibody responses arc shown for mature mice 
without DHEA treatment (■), mature mice with DHEA 
treatment (•), aged mice without DHEA treatment (A), and 
aged mice with DHEA treatment (♦). 

FIG. 11 shows that the antibody response in aged mice, 
following vaccination with rHBSAg, is enhanced by treat- 
ment with DHEA or DHEA-S. The antibody responses are 
shown for aged mice without treatment (■), aged mice with 
topical DHEA treatment (•), aged mice with DHEA incor- 
porated in the vaccine (A), and aged mice with DHEA-S 
incorporated in the vaccine (♦). 

FIG. 12A shows that DHEA administration enhances the 
efficiency of immunization with suboptimal doses of rHB- 
SAg. The antibody responses are shown for mice without 
DHEA treatment (■) and with DHEA treatment (•), for 
vaccination with 0.5 fig rHBSAg/mouse. 

FIG. 12B shows that DHEA administration enhances the 
efficiency of immunization with suboptimal doses of rHB- 
SAg. The antibody responses are shown for mice without 
DHEA treatment (■) and with DHEA treatment (•), for 
vaccination with 0.1 //g rHB SAg/mouse. 

FIGS. 13 A and 13B show that serum (systemic) antibody 
response in mature mice following vaccination with 
Influenza- A Beijing strain is synergistically enhanced by 
treatment with DHEA and l,25(OH) 2 D 3 . Antibody 
responses at Day 28 are shown for mice without treatment 
(■), mice treated with 2 fig DHEA in vaccine (•), mice 
treated with 0.1 jug l,25(OH) 2 D 3 in vaccine (A), and mice 
treated with 2 fig DHEA and 0.1 fig l,25(OH) 2 D 3 in vaccine 
(♦). 

FIG. 13A shows the serum IgG response. 

FIG. 13B shows the serum IgA response. 

FIGS. 13C and 13D show that mucosal antibody response 
in mature mice following vaccination with Influenza-A 
Beijing strain is synergistically enhanced by treatment with 
DHEA and l,25(OH)2D 3 . Antibody responses at Day 28 are 
shown for mice without treatment (■), mice treated with 2 
fig DHEA in vaccine (•), mice treated with 0.1 fig 1,25 
(OH) 2 D 3 in vaccine (A), and mice treated with 2 fig DHEA 
and 0.1 fig l,25(OH) 2 D 3 in vaccine (■). 

FIG. 13C shows the mucosal IgG response. 

FIG. 13D shows the mucosal IgA response. 

FIGS. 14Aand 14B show that serum (systemic) antibody 
response in mature mice following vaccination with rHB- 
SAg is synergistically enhanced by treatment with DHEA 
and l,25(OH)2D 3 . Antibody responses at Day 21 are shown 
for non-immunized mice (*), mice without treatment (•), 
mice treated with 2 fig DHEA in vaccine (♦), mice treated 
with 0.1 fig l,25(OH) 2 D 3 in vaccine (A), and mice treated 
with 2 fig DHEA and 0.1 fig l,25(OH) 2 D 3 in vaccine (■). 

FIG. 14A shows the serum IgG response. 

FIG. 14B shows the serum IgA response. 

FIGS. 14C and 14D show that mucosal antibody response 
in mature mice following vaccination with rHBSAg is 
synergistically enhanced by treatment with DHEA and 1,25 
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(OH) 2 D 3 . Antibody responses at Day 21 are shown for 
non-immunized mice (*), mice without treatment (•), mice 
treated with 2 fig DHEA in vaccine (♦), mice treated with 
0.1 fig l,25(OH) 2 D 3 in vaccine (A), and mice treated with 
5 2 fig DHEA and 0.1 fi% l,25(OH) 2 D 3 in vaccine (■). 
FIG. 14C shows the mucosal IgG response. 
FIG. 14D shows the mucosal IgA response. 
FIGS. 15 A and 15B show that serum (systemic) antibody 
1Q response in mature mice following vaccination with rHB- 
SAg is synergistically enhanced by treatment with DHEA 
and all trans-retinoic acid. Antibody responses at Day 21 are 
shown for no n -immunized mice (■), mice without treatment 
(•), mice treated with 5.0 fig all trans-retinoic acid in 
15 vaccine (A), and mice treated with 2 fig DHEA and 5.0 fig 
all trans-retinoic acid in vaccine (♦). 
FIG. 15A shows the serum IgG response. 
FIG. 15B shows the serum IgA response. 
FIGS. 15C and 15D show that mucosal antibody response 
20 in mature mice following vaccination with rHBSAg is 
synergistically enhanced by treatment with DHEA and all 
trans-retinoic acid. Antibody responses at Day 21 are shown 
for non-immunized mice (■), mice without treatment (•), 
mice treated with 5.0 fig all trans-retinoic acid in vaccine 
25 (A), and mice treated with 2 fig DHEA and 5.0 fig all 
trans-retinoic acid in vaccine (♦). 
FIG. 15C shows the mucosal IgG response. 
FIG. 15D shows the mucosal IgA response. 
30 FIGS. 16A-16C show the specific serum IgM, IgG and 
IgA responses of neonatal mice to 1.0 fig rHBSAg. 
Responses are shown for two-week old mice treated with 
rHBSAg (□), two-week old mice treated with rHBSAg and 
10 fig DHEA in the vaccine (•) and fully mature mice 
35 treated with rHBSAg (■). 

FIG. 16 A shows the IgM response. 
FIG. 16B shows the IgG response. 
FIG. 16C shows the IgA response. 

40 DETAILED DESCRIPTION OF THE 

INVENTION 

The most important function of the immune system is to 
provide its host with protection against diseases. To carry 

45 out these tasks, a large and diverse array of effector mecha- 
nisms have evolved, the majority of which exhibit antigen 
specificity. Each individual effector mechanism possesses a 
degree of uniqueness with respect to its ability to influence 
the rate of progression, to detoxify, or to promote the 

50 elimination of microbial pathogens or tumor cells. Such a 
diversity in available mechanisms is absolutely essential, 
since no single effector response can effectively deal with all 
forms of pathogenic insults. Furthermore, to protect normal 
function of the various non-lymphoid organ systems and 

55 tissues of the body requires careful selection, activation, and 
compartmentalization of the most appropriate types of 
immune effector mechanisms. Equally important is the 
simultaneous capacity to down-regulate the development of 
other types of responses. Immunologic effector responses 

60 must, therefore, be both effective and practical, and at the 
same time be appropriately regulated anatomically to reduce 
the risk of pathologic consequences. 

The non-lymphoid tissues and organs of the body, which 
work collectively to sustain the life of the host, must also be 

65 capable of providing regulatory information to cells of the 
immune system. This information, mediated through the 
activities of inflammation-induced tissue cytokines, prostag- 
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landins and other types of biological response modifiers, reduced capacity to produce DHEA-S, resulting in altered 

becomes integrated into the complex equation to control the T-cell responsiveness. The invention in its various embodi- 

mechanisms which regulate effector response selection. ments restores the metabolite produced from DHEA-S in the 

T cells, through their capacity to produce a number of anatomic compartment in which appropriate T-cell respon- 

lymphokines in response to activation, play a central role in 5 siveness is required for normal immune responses to T-cell- 

guiding the development of immune effector responses. dependent antigens. 

Mechanisms which operate to control the synthesis and The invention relates to a vaccine which comprises an 
secretion of these pleiotropic biologic response modifiers, antigen and an immune response augmenting agent. The 
therefore, directly influence the quantitative and qualitative immune response augmenting agent enhances production of 
nature of immunity. The lymphokines and cytokines provide 10 IL-2, IL-3, IFN-y or GM-CSF in T cells. Suitable immune 
important information, not only to cells of the immune response augmenting agents include, but are not limited to, 
system, but also to cells of the other tissue and organ DHEA, DHEA congeners and DHEA-derivatives. 
systems. For this information to be meaningful, it is essential The invention also relates to a method for enhancing an 
that lymphokine production remains tightly controlled at the antigen-specific circulating antibody immune response 
levels of both cellular source and duration. Autocrine and 15 which comprises administering a vaccine which comprises 
paraerine effects by lymphokines and cytokines should be an antigen and an immunomodulator. The immunomodula- 
the norm, since only a few species are capable of working tor may be an immune response augmenting agent, a lym- 
effectively when provided via endocrine routes. These phoid organ modifying agent or a mixture of the immune 
essential anatomic restrictions, therefore, cannot be response augmenting agent and lymphoid organ modifying 
adequately provided by bolus injection of recombinant lym- 20 agent. Suitable lymphoid organ modifying agents enhance 
phokines and/or cytokines, and may explain the limited the production of IL-4, IL-5 or IL-10 in T cells. Such agents 
success associated with this form of therapy. include, but are not limited to, 1,25-dibydroxy Vitamin D 3 
The vast majority of the T cells in the peripheral circu- (l,25(OH) 2 D 3 ), 25-hydroxy Vitamin D 3 (25(OH)D 3 ), bio- 
lation are known to reside within the recirculating T cell logically active l,25(OH) 2 D 3 derivatives which are capable 
pool. These cells continuously enter and exit secondary 25 of activating the intracellular Vitamin D 3 receptor, all trans- 
lymphoid organs throughout the body, maintaining resi- retinoic acid, retinoic acid derivatives, retinol and glucocor- 
dence within any particular site for only finite periods of ticoid. Alternatively, the method for enhancing an antigen- 
time. Over the lifespan of any individual mature T cell, specific circulating antibody immune response comprises 
therefore, it has probably taken up temporary residence in separately adrriinistering the immunomodulator and a vac- 
most of a host's secondary lymphoid organs. T cell recir- 30 cine containing an antigen. 

culation provides the immune system with a means for As used herein, the term "immunomodulator" refers to an 

clonally-restricted T cells to provide a level of surveillance agent which is able to modulate an immune response. An 

over all of the tissue and organ systems. example of such modulation is an enhancement of antibody 

It is universally accepted that most T cells acquire their 35 production, 

specificity for antigen, and for a self-MHC-restricting The term "individual" refers to a vertebrate and preferably 

element, during processes which occur at the time of their to a member of a species which naturally produces DHEA 

ontogeny within the thymus. However, the extent to which and DHEA-S and possesses DHEA-S sulfatase activity, and 

intrathymic maturation confers genetic restrictions upon includes, but is not limited to domestic animals, sports 

individual T cells that regulate their potential for immuno- 4Q animals and primates, including humans, 

logic involvement has not been delineated. The term "effective amount" of an immunomodulator 

A general concept which explains the results in the refers to an amount of an immunomodulator sufficient to 

Examples, but which is not intended to limit the invention, enhance a vaccine -induced humoral immune response. An 

is that the genetic programs of resting recirculating T cells effective amount of an immunomodulator, if injected, can be 

are continuously being altered by extrinsic environmental 45 in the range of about 0.1-1,000 /ig, preferably 1-900 /*g, 

influences. The steroid hormones, either presented systemi- more preferably 5-500 /ig, for a human subject, or in the 

cally in their active forms (e.g., as glucocorticosteroids range of about 0.01-10.0 ^g/Kg body weight of the subject 

(GCS)), or provided to T cells only within discrete microen- animal. This amount may vary to some degree depending on 

vironments as a consequence of end-organ metabolism (e.g., the mode of administration, but will be in the same general 

as DHEA, DHT or l,25(OH) 2 D 3 ), perform important roles 50 range. If more than one immunomodulator is used, each one 

in this process. The basal regulation of the immune system may be present in these amounts or the total amount may fall 

at the level of the T cell requires the continual presence of within this range. 

the needed substrates (prohormones). The anatomic com- An effective amount of an antigen may be an amount 

partmentalization of functional potential for T cells, capable of eliciting a demonstrable humoral immune 

therefore, would be dependent on the cellular source of the 55 response in the absence of an immunomodulator. For many 

steroid metabolizing enzymes able to convert the steroid antigens, this is in the range of about 5-100 {tg for a human 

hormone substrates to their bioactive species. It has been subject. Since the vaccines of the invention utilize an 

shown that macrophages can contain each of these enzymes. immunomodulator which enhances the humoral immune 

More specifically, DHEA-S can be naturally converted to response, it may be possible to utilize less antigen, e.g., 

DHEA in the peripheral lymph nodes of animals with 60 about 1-5 ^ug for a human subject. The appropriate amount 

normal immune function. The DHEA produced then influ- of antigen to be used is dependent on the specific antigen and 

ences the T lymphocytes within the lymph node and exerts is well known in the art. 

controlling influences on their ability to respond when The exact effective amount necessary will vary from 

activated. This provides a means to regulate the potential of subject to subject, depending on the species, age and general 

T cells by fluctuating the degree to which a particular steroid 65 condition of the subject, the severity of the condition being 

hormone exists within a particular tissue. Old individuals treated, the mode of administration, etc. Thus, it is not 

and/or stressed individuals, including humans, have a possible to specify an exact effective amount. However, the 
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appropriate effective amount may be determined by one of 
ordinary skill in the art using only routine experimentation 
or prior knowledge in the vaccine art. 

"Treatment" refers to the administration to an individual 
of a composition which yields a protective immune 
response, and includes prophylaxis and/or therapy. 

An "antigen" refers to a molecule containing one or more 
epitopes that will stimulate a host's immune system to make 
a secretory, humoral and/or cellular antigen -specific 
response, or to a DNA molecule which is capable of pro- 
ducing such an antigen in a vertebrate. The term is also used 
interchangeably with "immunogen." 

The specific antigen can be a protein, a polysaccharide, a 
lipopolysaccharide or a lipopeptide; or it can be a combi- 
nation of any of these. Particularly, the specific antigen can 
include a native protein or protein fragment, or a synthetic 
protein or protein fragment or peptide; it can include 
glycoprotein, glycopeptide, lipoprotein, lipopeptide, 
nucleoprotein, nucleopeptide; it can include a peptide- 
peptide conjugate; or it can include a recombinant nucleic 
acid expression product. The antigen may further be a DNA 
molecule which produces an antigen in the vertebrate. 
Examples of antigens include, among others, those that are 
capable of eliciting an immune response against viral or 
bacterial hepatitis, influenza, diphtheria, tetanus, pertussis, 
measles, mumps, rubella, polio, pneumococcus, herpes, res- 
piratory syncytial virus, haemophilus influenza type b, 
chlamydia, varicella-zoster virus or rabies. 

An "immunological response" to a composition or vac- 
cine comprised of an antigen is the development in the host 
of a cellular- and/or antibody-mediated immune response to 
the composition or vaccine of interest. Usually, such a 
response consists of the subject producing antibodies, B 
cells, helper T cells, suppressor T cells, and/or cytotoxic T 
cells directed specifically to an antigen or antigens included 
in the composition or vaccine of interest. 

By "vaccine composition" or "vaccine" is meant an agent 
used to stimulate the immune system of an individual so that 
current harm is alleviated, or protection against future harm 
is provided. 

"Immunization" refers to the process of inducing a con- 
tinuing protective level of antibody and/or cellular immune 
response which is directed against an antigen to which the 
organism has been previously exposed. 

A "pharmacologic dose" is one which gives a desired 
physiological effect. 

An "immune response augmenting agent", as used herein, 
means an agent that is capable, when administered to a 
vertebrate animal in vivo, of restoring T cell responsiveness 
to T cell dependent antigens characteristic of normal 
immune responses to such antigens. Immune response aug- 
menting agents are capable of enhancing T cell production 
of IL-2, IL-3, IFN-y or GM-CSF. By way of example, the 
immune response augmenting agent can be a substance such 
as DHEA, DHEA congener or a DHEA-derivative 
(collectively referred to herein as DHEA congener). A 
DHEA congener is a compound related to DHEA, such as a 
derivative. Suitable substances can be readily identified by 
screening for enhanced IL-2, IL-3, IFN-y or GM-CSF pro- 
duction by T cells as described in Ser. No. 07/779,499. 

Examples of "DHEA", "DHEA congener" or "DHEA- 
derivative", include but are not limited to, compounds 
having the formula 
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wherein 

X is H or halogen; 

R 1 , R 2 and R 3 are independently =0, —OH, — SH, H, 
halogen, pharmaceutically I acceptable ester, phar- 
maceutically acceptable thioester, pharmaceutically 
1 acceptable ether, pharmaceutically acceptable 

thioether, pharmaceutically acceptable inorganic 
esters, pharmaceutically acceptable monosaccharide, 
disaccharide or oligosaccharide, spirooxirane, 
2Q spirothirane, — 0S0 2 R 3 or — OPOR 5 R 6 ; 

R 5 and R e are independently — OH, pharmaceutically 
acceptable esters or pharmaceutically acceptable 
ethers; and 
pharmaceutically acceptable salts 
25 Thus, examples of suitable DHEA congeners include 
compounds in which: 

(1) R 2 is =0, R 3 and X are each H and R 1 is =0, —OH, 
pharmaceutically acceptable esters thereof, pharmaceu- 
tically acceptable ethers thereof or pharmaceutically 

30 acceptable salts; 

(2) R 2 is =0, R 3 is H, X is halogen and R 1 is =0, —OH, 
pharmaceutically acceptable esters thereof, pharmaceu- 
tically acceptable ethers thereof or pharmaceutically 
acceptable salts; 

35 (3) R 2 is =0, R 3 and X are each H and R 1 is — SH, 
pharmaceutically acceptable thioesters thereof, phar- 
maceutically acceptable thioethers thereof or pharma- 
ceutically acceptable salts; 

(4) R 2 is =0, R 3 is H, X is halogen and R 1 is — SH, 
40 pharmaceutically acceptable thioesters thereof, phar- 
maceutically acceptable thioethers thereof or pharma- 
ceutically acceptable salts; 

(5) R 2 is =0, X is H and R 1 and R 3 are independently 
=0, — OH, pharmaceutically acceptable esters 

45 thereof, pharmaceutically acceptable ethers thereof or 
pharmaceutically acceptable salts; 

(6) R 2 is =0, X is halogen and R 1 and R 3 are indepen- 
dently =0, — OH, pharmaceutically acceptable esters 
thereof, pharmaceutically acceptable ethers thereof or 
pharmaceutically acceptable salts; 

(7) R 2 is =0, X is H and RI and R 3 are independently 
— SH, pharmaceutically acceptable thioesters thereof, 
pharmaceutically acceptable thioethers thereof or phar- 

55 maceutically acceptable salts; 

(8) R 2 is =0, X is halogen and R a and R 3 are indepen- 
dently — SH, pharmaceutically acceptable thioesters 
thereof, pharmaceutically acceptable thioethers thereof 
or pharmaceutically acceptable salts; 

60 (°) R 2 is —OH, R 3 and X are each H and R is =0, —OH, 
pharmaceutically acceptable esters thereof, pharmaceu- 
tically acceptable ethers thereof or pharmaceutically 
acceptable salts; 
(10) R 2 is —OH, R 3 is H, X is halogen and R 1 is =0, 

65 — OH, pharmaceutically acceptable esters thereof, 
pharmaceutically acceptable ethers thereof or pharma- 
ceutically acceptable salts; 
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(11) R 2 is — OH, R 3 and X are each H and R 1 is — SH, thereof or pharmaceutically acceptable salts, wherein at 

pharmaceutically acceptable thioesters thereof, phar- least one of R^ R^and Rrjs a sugar residue; 

maceutically acceptable thioethers thereof or pharma- (27) XJs H and R^, R 2 andR 2 Tre~independently =0, 



ceutically acceptable salts; r ^^^Hj i i^ha7m?c5eunB esters 

(12) R 2 is — OH, R 3 is H, X is halogen and R 1 is -^SH, * thereof :or phumamtigffl^^ at 
pharmaceutically acceptable thioesters thereof, phar- f least °_ nc R„and.R?is.anJnqrganic ester; 
maceutically acceptable thioethers thereof or pharma- (28)-Xis halogen and R\ R 2 and R 3 are independently 
ceutically acceptable salts; =°» — 0H > pharmaceutically acceptable inorganic 

(13) R 2 is -OH, X is H and R 1 and R 3 are independently es ^ ers . there ° f or Pharmaceutically acceptable salts, 
=0, -OH, pharmaceutically acceptable esters 10 wherein at least one of R , R and R is an inorganic 
thereof, pharmaceutically acceptable ethers thereof or nt ester . „ L1 , . . , , 
pharmaceuticaUy acceptable salts; Pharmaceutically acceptable_esters or thioesters mclude, 

^2 . AI , v . . , , «i , ^ but are not lumted-to, esters pr** thioesters of the formula 

(14) R is -OH, X ls halogen and R and R are _o 0 eR^r -SDCR„wfi^n $ is a pharmaceuticaUy 
independency =0, -OH, pharmaceuhcally accept- „ acc ^ uble - al if ylj aikenylfSryT alkylaryl, arylalkyl, spin- 
able esters thereof, pharmaceutically acceptable ethers ^ orjsu ^titin^pin S oU^d groups, such as propionate, 
thereof or phannaceut.cally acceptable salts; enanthfef^ionate, succinate, decanoate and phenylpro- 

(15) R 2 is — OH, X is H and R 1 and R 3 are independently pionate^sters. 

— SH, pharmaceutically acceptable thioesters thereof, Pharmaceutically acceptable ethers or thioethers include, 

pharmaceutically acceptable thioethers thereof or phar- 2 o but are not limited to, ethers or thioethers of the formula 

maceutically acceptable salts; _or or — SR, wherein R is as denned above or enol, or 

(16) R 2 is — OH, X is halogen and R 1 and R 3 are inde- — OR 4 is an unsubstituted or substituted spirooxirane or 
pendently — SH, pharmaceutically acceptable — SR is a spirothiane. 

thioesters thereof, pharmaceutically acceptable thioet- Suitable sugar residues include, but are not limited to 

hers thereof or pharmaceutically acceptable salts; 25 monosaccharides, disaccharides and oligosaccharides, such 

(17) R 2 is -^SH, R 3 and X are each H and R 1 is =0, as a glucuronate. 

—OH, pharmaceuticaUy acceptable esters thereof, Pharmaceutically acceptable inorganic esters include, but 

pharmaceutically acceptable ethers thereof or pharma- are not limited to, inorganic esters of the formula — OS0 2 R 5 

ceutically acceptable salts; or — 0P0R s R 6 , wherein R 5 and R 6 are independently 

(18) R 2 is — SH, R 3 is H, X is halogen and R 1 is =0, 30 ^° H ' Pharmaceutically acceptable esters, pharmaceuti- 
-OH, pharmaceuticaUy acceptable esters thereof, c ^ «*^M« or pharmaceutically acceptable salts. 
pharmaceuticaUy acceptable ethers thereof or pharma- Lymphoid organ modifying agent , as used herein, 
ceutically acceptable salts; means a modlfier that 15 ^pable, when administered to a 

z- A v „2 ■ on «3 j V u »t « «%i . OTt vertebrate animal in vivo at a peripheral site, of altering the 

(19) R 2 is-SH R 3 and X are each H and R is SH, 35 microenvironment of a peri £ heral lymphoid orgai A hat 
pharmaceutical acceptable thioesters thereof phar- drams from ^ administration site> such that * ctivated 
maceutically acceptable thioethers thereof or pharma- lymphocytes ^ macrophages ^ting within the lymphoid 
ceutically acceptable salts, ^ orgaQ exhibil a pattem Qf cytokines more typical of the 

(20) R is — SH, R is H, X is halogen and R is — SH, microenvironment of a lymphoid organ of the mucosal 
pharmaceutically acceptable thioesters thereof, phar- 40 lymphoid compartment. Particularly, a pattern of cytokines 
maceuticaUy acceptable thioethers thereof or pharma- more typical of a mucosal lymphoid organ is characterized 
ceutically acceptable salts; by relatively enhanced production of one or more of active 

(21) R 2 is —SH, X is H and R 1 and R 3 are independently TGF-fS, IL-4, IL-5, and IL-10, and relatively decreased 
=0, — OH, pharmaceutically acceptable esters production (or at least no relatively enhanced production) of 
thereof, pharmaceuticaUy acceptable ethers thereof or 45 one or more of IL-2 and LFN-y. In preferred embodiments, 
pharmaceuticaUy acceptable salts; the lymphoid organ modifying agent includes a biological 

(22) R 2 is — SH, -X* is ^halogen and R 1 and Rl^are response modifier that can, or a combination of biological 
independently^=Or^OH, pharmaceutically^accein- response modifiers that together can, when administered to 
able-estere'tnereof, phamaceutically'arceptable'emers a peripheral lymph organ, result in the lymphoid organ 
Ihereof or pharmaceutifcally^accepta^le'salts; 50 exhibiting a pattern of cytokines more typical of a mucosal 

(23) R 2 is -SH, X is H^andR 1 and R 3 are independently lymphoid organ. By way of example, it can be a substance 
^SH, pharmaceutically acceptable thioesters thereof, kn0WD * enhance or facilitale P r ° duc l™ of active TGF-P, 
pharmaceutically acceptable thioethers thereof or phar- such as ' for exam P le > retlD01c acid, retinoic acid derivatives, 
maceutically acceptable salts; retmo1 or retino1 derivatives; or it can be l,25(OH) 2 D 3 , 

f~>A\ D 2 ■ ou v • u i a ni a n3 55 25(OH)D 3 or biologically active 1,25(0H) 2 D 3 derivatives; 

( ^ ^ ' «u h t l0geD ^ *n ^ R t? or glucocorticoids. Biologically active l,25(OH) 2 D 3 deriva^ 
independently -^H, pharmaceuticaUy acceptable dves ^ thoge derivativ * wh ? ch m ^ £ a * tivating 

thioesters thereof pharmaceu ically acceptable thioet- ^ intracellular vitamin D tor derivatives 

hers thereof or pharmaceutically acceptable salts; caQ tfaus be readUy identifie 3 by s £ reening fof activatkm Qf 

(25) X is H and R\ R and R are independently =0, 60 the intracellular Vitamin D 3 receptor (Minghetti and Nor- 
— OH, a sugar residue, pharmaceutically acceptable mm (mS). FASEBJ. 2:3043-3053). Alternatively, suitable 
esters thereof, pharmaceutically acceptable ethers derivatives can be readily identified by screening for 
thereof or pharmaceuticaUy acceptable salts, wherein at enhanced IL-4 production by T cells as described in Ser. No, 
least one of R , R 2 and R 3 is a sugar residue; 07/779,499. Examples of suitable biologically active Vita- 

(26) X is halogen and R 1 , R 2 and R 3 are independently 65 min D 3 derivatives include, but are not limited to, 1,25- 
=0, — OH, a sugar residue, pharmaceutically accept- ' dihydroxy-16-ene Vitamin D 3 and calcipotriene. Preferably, 
able esters thereof, pharmaceutically acceptable ethers the lymphoid organ modifying agent is administered epicu- 
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taneously at a peripheral anatomical site (such as, for human 
subjects, for example, the arm or buttocks or leg); and the 
specific antigen is administered to the same anatomical site, 
or to a site known to drain into the same lymphoid organ that 
receives drainage from the site of administration of the 
lymphoid organ modifying agent. In one mode of 
administration, the lymphoid organ modifying agent can be 
combined with the specific antigen and immune response 
augmenting agent for simultaneous administration at the 
same site. The lymphoid organ modifying agent, the specific 
antigen and immune response augmenting agent, or all of 
them, can be administered by injection. 

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology, microbiology, biochemistry, and immunology, 
which are within the skill of the art. Such techniques are 
explained fully in the literature. See, e.g., ANIMAL CELL 
CULTURE (R. I. Freshney, Ed. 1986); IMMOBILIZED 
CELLS AND ENZYMES (IRL Press, 1986); the series, 
METHODS IN ENZYMOLOGY (Academic Press, Inc.), 
IMMUNOCHEMICAL METHODS IN CELL AND 
MOLECULAR BIOLOGY (Academic Press, London), 
Scopes, (1987); and HANDBOOK OF EXPERIMENTAL 
IMMUNOLOGY, Volumes I-IV, (D. M. Weir and C. C. 
Blackwell, Eds., 1986). All patents, patent applications and 
publications mentioned herein, both supra and infra, are 
incorporated herein by reference. 

The simultaneous enhancement or maximization of the 
production of more than one T cell lymphokine may be 
achieved by exposing the T cell lymphocyte to more than 
one immunomodulator prior to cellular activation. The 
exposure to more than one immunomodulator can be simul- 
taneous or sequential. The concentration of each of the 
immunomodulators should be balanced to achieve the 
desired enhancing effects on the vaccine-induced humoral 
immune response. 

Evidence derived from experimental and clinical obser- 
vations indicates that immunologic reactions elicited to 
either simple or complex antigens often manifest as a 
balanced heterogenous blend of both cellular and humoral 
components, with the fractional contribution of any indi- 
vidual type of effector mechanism often dominating the 
overall response. This level of heterogeneity is essential to 
the development of a protective immune response. Alter- 
ations to this natural balance, whether caused by genetic or 
physiologic changes associated with age or stress or trauma, 
can lead to a depressed capacity to elicit protective immune 
responses, and might also lead to immunologic responses 
having pathologic consequences. 

Pharmaceutical compositions made up of formulations 
comprised of the immunomodulators and suitable for admin- 
istration by subcutaneous, epicutaneous, topical, intramus- 
cular or intradermal routes and the like may be prepared by 
one of ordinary skill in the art. See, for example, Reming- 
ton's Pharmaceutical Sciences, 17th Ed. (1985, Mack Pub- 
lishing Co., Easton, Pa.). For example, the pharmaceutical 
composition containing the immunomodulator may also 
contain a physiologically acceptable carrier that is non-toxic 
to the treated animal and is compatible with the steroid. 
Suitable pharmaceutical carriers include liquid carriers, such 
as normal saline and other non-toxic salts at or near physi- 
ological concentrations. 

The pharmaceutical composition containing the immuno- 
modulator is used as a vaccine adjuvant to enhance a 
vaccine-induced humoral immune response. When the indi- 
viduals are immunized with an immunizing agent, admin- 
istration of the immunomodulator may be prior to, contem- 
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poraneously with, or after the vaccination. Typical methods 
of administering the immunomodulator include mixing the 
immunomodulator with the immunizing agent (antigen) in a 
vaccine or topically applying the immunomodulator to skin 

5 sites which drain into the same lymph nodes as the antigen 
of the vaccine. This latter method is preferably used with 
individuals who are immunologically deficient due to low 
levels of DHEA-S and/or DHEA and in whom one wishes to 
augment the immune response, for example, the aged or 

10 neonates or individuals who are therapeutically immuno- 
suppressed. 

One or more immunomodulators may be used to enhance 
the vaccine -induced immune response. They may be admin- 
istered sequentially or contemporaneously. It is preferred to 

15 administer them contemporaneously and in a single vehicle. 
It has been discovered that a synergistic enhancing effect is 
achieved when an immune response augmenting agent, as 
defined herein, is combined with a lymphoid organ modi- 
fying agent, as defined herein, and used as the immuno- 

20 modulator. It is preferred to include the two agents in the 
vaccine, although either or both may also be topically 
applied. In general, an effective amount of immunomodu- 
lator may be about 0.1-1 ,000 //g, preferably 1-900 jug, and 
more preferably 5-5 00 jug, for a human subject. An effective 

25 amount of an immune response augmenting agent may be 
about 10-1,000 /*g, preferably 10-900 /^g, more preferably 
10-500 f4%, and most preferably 20-200 pig, for a human 
subject if administered by injection. If the immune response 
augmenting agent is administered orally, the amount may 

30 range from about 10-100 mg/day, preferably 20-50 mg/day, 
for a human subject, or in the range of about 0.5-5 mg/Kg/ 
day for an animal subject. An effective amount of a lym- 
phoid organ modifying agent may be about 0.1-500 pg, 
preferably 0. 1-400^, and more preferably 0.5-250 ^g, for 

35 a human subject. 

Described below are examples of the present invention 
which are provided only for illustrative purposes, and not to 
limit the scope of the present invention. In light of the 
present disclosure, numerous embodiments within the scope 

40 of the claims will be apparent to those of ordinary skill in the 
art. 

EXAMPLE 1 

The Effect of DHEA and l,25(OH) 2 D 3 in vivo on 
IL-2 and IL-4 Production in vitro 

C3H mice received implants of biodegradable DHEA or 
1 .25(OH) 2 D 3 pellets designed to deliver steroid at a rate of 
10.4 and 2.6 ^g/hour, respectively. Three days after 

50 implantation, both the steroid treated groups of mice and a 
normal control group were immunized in the hind footpads 
with 100 jug OVA in CFA. Ten days after immunization, the 
draining lymph nodes and spleens from all groups were 
prepared for culture. Lymph node cells were stimulated with 

55 100 fig OVA. Culture supernatants were assayed for IL-2 
and IL-4 activity after 24 hours using the HT-2 bioassay. The 
results are shown in FIG. 1. From the Figure, it is seen that 
DHEA administration caused an approximately four-fold 
increase in IL-2 production, and no stimulation of IL-4 

60 production. In contrast, l,25(OH) 2 D 3 administration caused 
an approximately eight-fold increase in IL-4 production, but 
did not stimulate IL-2 production. 

Similar alterations in the ability of antigen-activated T 
cells to produce IL-2 and IL-4 were observed when the 

65 immune response augmenting agent was mixed with the 
immunizing antigen, or was topically applied to skin sites 
above the site of vaccination. 
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EXAMPLE 2 responses to challenge with foreign protein antigens, the 

Preservation of Normal Potential to Produce T-cell following procedure was used Groups of 5 mature adult 

Lymphokines and Generate Humoral Immune mice < 13 weeks )» 5 a 8 ed mice ( U4 weeks )' and a S ed mice 

Responses by Supplementation with DHEA Sulfate ( 114 weeks ) provided with chronic DHEA-S supplementa- 

n . , i , ri^ucA if i j i • , ... 5 tion (!00 Kg/ml DHEA-S in their drinking water for the 

Circulating levels of DHEAsulfate decline markedly with ■ yr , • ... . , . a * \ 

advancing a|e in humans and other mammals. As shown in P re ™^ " ^ t l 31 8 T** ° f ^ W6re 

application U.S. Ser. No. 07/779.499, direct treatment of T footp^mmunized with ovalbumm. The immunization was 

cells from aged or normal murine donors with DHEA prior ™ lh . « ™ "Tf *h ^ T ^ h ' 
to activation in vitro augmented their capacity to produce !f num f f le , red 5 ^e»nnd footpads. All animals were bled on 
IL-2. In contrast, DHEA-S, the prohormone form of DHEA 10 D ^ , 0 ' 3 ' 5 ' 7 ' ^ and , 14 P°;t-™mun lza , lon , and indi- 
found principally in the circulation, was shown to have no v^ual serum samples analyzed for ovalbumin specific anti- 
direct effect on T-cell production of this lymphokine. When *** tlt ™ b *f* Dtltat ! V ° ELI f * usin 8. ovalbumin for 
DHEA-S was administered to normal mature adults in vivo, Ca f^. and "^O-coupled goat anti-munne Ig detecting 
it enhanced the potential for IL-2 production by T cells f^ffj V „ f ^ 8 , Sub - claSS ? S - 

isolated from lymphoid organs having the greatest DHEA-S 15 ="* ELISA "« av was c ° n,ro "? d W1,h s " a ,0 * 

...... m. ' * *■ 1 u *j • • positive or negative for anti-ovalbumin activity. The titre is 

activity. The most active lymphoid organs are those having *. . * . , ... . , 7 . . " 

anatomic positions downstream of nonmucosal tissues. This me T^. ° f th ' antlbodv ddutl0 5 ec > ua l ° * e h »* 

Example demonstrates that DHEA-S supplementation in maXimal P° mt 00 * e ^""T 1 *' 11,6 ^ ' he ^ 

• « i 4 j l -i l 1 shown m the graph m FIG. 2G, demonstrate that old animals 

vivo can influence the age-related changes m lymphokine _ , * * . ~ T * 0 , ; """""^ 

„ i . imnr , ; ir _ ® „ r 20 provided with chronic DHEA-S supplementation remain 

production and humoral immune responses. K „ . , c tJ1 rr . 

~ c j i* T9 a t n i u . *»<r j ™ i n"ly capable of rapidly mounting a significant humoral 

Groups of adult BALB/c mice, between 35 and 39 weeks im ^ u J tt& t0 £ v J bumin immunization, with kinetics, 

of age were separated mto two groups. One group was d and £ ^ ^ afe almost idemica , maw 

provided with 100 ^g/ml DHEA-S m their drinking water. aduU maUo £ & cted the umreated „ mice 

The hormone was offered ad hbitum to these animals. The 2J ded , ^ g ^ ami ^ 

C , ' M ? eWe ^. mam, , ained l . 0n predominandy IgM. 

oral DHEA-S supplementation until age 114 weeks, when * 

they were sacrificed and their spleens individually analyzed EXAMPLE 3 

for the capacity to produce lymphokines following anti- 

CD 3 e activation. The DHEA-S treated and untreated mice . DHEA-S Administration to Aged Mice Can 

were evaluated by comparing their responses to the lym- Reverse Age- Associated Changes in T-cell 

phokine profile produced by similarly activated splenocytes Lymphokine Production and Their Depressed 

from mature adult mice (13 weeks of age). Humoral Immune Responses to Protein Antigens 

More specifically, splenocytes were prepared from the As shown in application U.S. Ser. No. 07/779,499, a 

following groups of BALB/c mice; 2 mature adult (13 35 direct exposure of lymphocytes from aged donors to DHEA 

weeks), 2 aged (114 weeks), and 2 aged (114 weeks) in vitro immediately altered the pattern of lymphokines 

receiving 100 /<g/ml DHEA-S in their drinking water for the produced following activation. In addition, it has been found 

previous 61 weeks. lxlO 7 splenocytes were cultured under that nonmucosal tissue-draining lymphoid organs possess a 

serum-free conditions in triplicate and activated with 1 far greater amount of DHEA sulfatase activity than mucosal 

jtg/ml CD 3 e. Culture supernatants were analyzed for the 40 tissue-draining lymphoid organs. These findings led to the 

level of IL-2 by a quantitative bioassay, and for IL-4, IL-5, hypothesis that DHEA may be serving as an effector of 

Y-IFN, IL-3 and GM-CSF by capture ELISA. positional information for lymphocytes residing in certain 

FIGS. 2A-2F are graphs showing the results of DHEA-S lymphoid compartments. Any changes in immune function 

supplementation on the capacity of T cells to produce a caused by the depressed production of substrate DHEA-S 

variety of lymphokines. In FIGS. 2A-2F, bars represent the 45 might, therefore, be reversible if DHEA-S is reintroduced in 

mean ±SD for the value of each lymphokine presented. It is situ. This was examined in the following studies, 

seen from FIGS. 2A-2F that DHEA-S supplementation, Splenocytes were isolated from equal-sized groups of 

administered prior to the onset of age-induced decline in mature adult mice (25 weeks), aged mice (120 weeks), and 

immunocompetence, is. accompanied by the preservation of aged mice (120 weeks) given a subcutaneous injection of 

normal lymphokine production and development of normal 50 DHEA-S (100 ^g in 100 /d propylene glycol) 24 hours 

humoral immune responses. DHEA-S supplementation was previously. lxlO'' splenocytes were cultured under serum- 

not only able to preserve normal levels of IL-2, IL-3, and free conditions in triplicate and activated with 1 /*g/ml 

GM-CSF production by activated T cells, but was also able anti-CD 3 e. Twenty-four hours later, culture supernatants 

to prevent age-related increase in y-IFN, IL-4, and IL-5 from individual cell cultures were analyzed for the level of 

production seen in the cell supernatants from untreated aged 55 IL-2 by a quantitative bioassay, and for IL-4, IL-5, y-IFN, 

donors. The results of this study demonstrate that a striking IL-3 and GM-CSF by capture ELISA. The results, shown in 

correlation exists between the age-related decline in endog- FIGS. 3A-3F, demonstrate that acute replacement therapy to 

enous DHEA production (plus its metabolites) and the aged mice with DHEA-S restores near-normal patterns of 

age-associated alterations in T-cell production of lymphok- T-cell lymphokines within one day of treatment. These 

mcs - 60 results strongly show that lymphoid cells from old animals 

The effect of DHEA-S supplementation on T cell function exhibit no intrinsic defects. Rather, some of the best docu- 

was also performed using BALB/c, C57BL/6 and C3H/HeN mented functional changes to the immune system which 

strains of mice. In each test of this experimental approach, accompany aging are due to the reduced capacity to produce 

lymphokine production by T cells from the treated aged DHEA-S. 

donors had been preserved. 65 A representative study, showing that administration of a 

In order to examine the effect of DHEA-S supplementa- bolus of DHEA-S to aged BALB/c mice restored the capac- 

tion on the ability of old animals to mount immunologic ity of the mice to develop humoral responses, is shown in 
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FIG. 3G. In the study, groups of 5 mature adult (25 weeks), activated T-cells to secrete IL-2, IFN-y, IL-3 and GM-CSF, 

5 aged (120 weeks), and 5 aged (120 weeks) mice receiving and that this depression could be prevented with DHEA 

100 fi% DHEA-S in 100 propylene glycol by subcutaneous treatment. The following study illustrates that direct admin- 

injection the previous 24 hours were immunized with 100 //g islratioo of DHEA t0 mice shortl ^ thermal taj 

ovalbumin in a 25 /d volume of Maalox, administered in the mntnces their levels of immunocompetence. 
huid footpads. Sera from individual mice were collected on ^ 
Days 0, 3, 5, 7, 10 and 14 following primary immunization. Groups of 12 thermally-injured and 6 control BALB/c 

The titre of anti-ovalbumin antibody was assessed by ELISA mice were established as described above. After subjecting 

using ovalbumin for capture and HRPO-coupled, goat anti- the mice to a 20% total body surface area (TBSA) scald 

murine Ig detecting antibodies with specificity for IgM and burn, six of the thermally-injured mice were given a sub- 

IgG subclasses. Each ELLSA assay was controlled with sera 10 cutaneous injection of 100 fig DHEA in a propylene glycol 

known to be positive or negative for anti-ovalbumin activity. carficr M rcmaining animals received thc carricr alone< 

Pl^t m f IG ' 30 Sh ° W thal ° ld animals P rovided Five days later, all surviving mice were sacrificed and their 

with DHEA-S only 24 hours prior to immunization with a sp i CI1 ocyte S were individually prepared for culture, and 

foreign protein antigen responded even better than normal activatcd ^ ^ CD to inducc lymphokinc 
mature adults m he production of antibody 15 atante wc 3 fC 2 / hours after acdvation 

This method of reversing ^ap-related dechne m humoral and evaluated fof , hokine contCQtj as dcscri5cd io 

responses has been evaluated twice using BALB/c mice and application u<s . S er No. 07/779,499. The results of the 
once with C3H/HeN strains of mice. Similar enhancements , , t nrc ' ' , . . 

in antibody production were achieved in all groups of StU ^ are P r ^ D f ted m f} 5A 7 5F ' w ^e^e ba^ repre- 

DHEA-S treated, aged groups of mice. M * cnt ^ean±SD for each value. As seen in FIG. 5, DHEA 

THe results described in application U.S. Ser. No. 07/779, 2 ° ' nflu * noes L ; 2 : £ IFN ' ^ and GM-&F produc- 

499 and discussed above demonstrate that some of the U ° n . b ? T ^ f° late ^ f [ om thermally-injured mice. The 

age-associated changes in immune function are extrinsic in administration of a single bolus injection of DHEA (100/«g) 

cause, and are mediated by the loss in endogenous produc- 1 hour ^ itT thermal injury was sufficient to preserve for at 

tion of an essential regulatory steroid prohormone. least 5 davs a n ormal capacity by their lymphocytes to 

E MPT 25 produce IL-2, y-IFN, IL-3, and GM-CSF following activa- 

bXAMrLii 4 ^ on ^ Q s {g n \^ cm i changes from normal were observed in 

Topical Application of DHEA to Aged Animals the levels of IL-4 and IL-5 made by activated lymphoid cells 

Facilitates Changes in the Draining Lymph Node from these animals. 

Microenvironment that are Conducive to Successful effect of DHEA treatment in vivo on the animals' 

Immunization 30 development of cellular immune responses was examined. 

Groups of 5 mature adult (13 weeks) and 10 aged BALB/c Parallel groups of thermally-injured and control mice were 
mice (114 weeks) were used in the study. All of the aged given either 100 //g DHEA in propylene glycol carrier or the 
BALB/c mice received a topical application of 10/*g DHEA carrier alone 1 hour post-burn. These animals were contact- 
in 3.5 fA 95% ethanol to the right hind footpad, 3 hours prior sensitized 5 days later by administration of DNFB on the 
to immunization with 100 fig ovalbumin in a 25 /d volume 35 a5domen challenge doses of DNFB to the right footpads 
of Maalox. Five of the aged mice were immunized in the were appUed 4 days later ^ differences in thickness 
right hind footpad (at a site identical to the steroid 5etween lhe ri ^ t (chaUenged) and the left (uncha Uenged) 

Z f f?u t im T niZ f d l n " ^ nd footpadswereusedtoquantitatethecontacthypersensitiVity 

footpad (site opposite to the steroid application). Sera from ^ i. t ri o * 1 . 

individual mice were collected on Days 0, 3, 5, 7, 10 and 14 40 'T ™ I T ^ ™ ^ V* ^'TV 

following primary immunization The titre of anti- f u ent ™an±SD for each group of mice. As shown in FIG 6, 

ovalbumin antibody was assessed by ELISA using ovalbu- ^ mtensit y of c° nta ct hypersensitivity responses elicited by 

min for capture and HRPO-coupled, goat anti-murine Ig thermally-injured mice is markedly depressed, as compared 

detecting antibodies with specificity for IgM and IgG sub- to controls. Administration of DHEA to thermally-injured 

classes. Bach ELISA assay was controlled with sera known 45 mice was found to completely preserve the ability of these 

to be positive or negative for anti-ovalbumin activity. animals to develop contact hypersensitivity responses of 

The results, shown in FIG. 4, establish that a topical normal intensity, 
application of DHEA, prior to immunization through the These studies demonstrate that DHEA treatment post- 
same skin site, provided the aged animals with the ability to burn is an effective therapy for preserving the capacity of 
generate completely normal humoral immune responses. 5Q T-lymphocytes from thermally-injured animals to produce 
The untreated group of aged animals, and aged animals normal quantities of a number of lymphokines, especially 
provided with topical DHEA on the footpads opposite the those that are essential for development of cellular immune 
site of immunization, responded quite poorly to responses. This finding is supported by the demonstration in 
immunization, with minimal antibody being observed. application U.S. Ser. No. 07/779,499 that DHEA-treated 

Hie results of reversing the age-related decline in humoral thermally-injured mice also retain their capacity to develop 

f beeD / e P? ated J^ itb B ^ LB/C ™? L and wi ' h 5 normal contact hypersensitivity responses 
C3H/HeN strain of mice. The results establish that the 

pronounced lymphoid organ-specific changes in the types of EXAMPLE 6 

lymphokines produced by T cells from aged animals given 

topical DHEA, can be paralleled by an equally dramatic DHEA Treatment in vivo Promotes Resistance to 

llo n n^ ? ?. y to -i f nc f ratc .P° tcn ! humora mmune 60 Infection by E. monocytogenes in Thermally- 

responses to challenge with a foreign antigen protein. Injured Mice 

EXAMPLE 5 ^. , „ 

This study addresses the utility of DHEA therapy post- 
Treatment in vivo of Thermally-Injured Mice with burn in preserving resistance to a bacterial infection. C3H/ 
DUEA Preserves Normal Immune Function 65 He N strain mice are inherently resistant to infection by the 
Application U.S. Ser. No. 07/779,499 demonstrates that gram-positive intracellular pathogen, L. monocytogenes. 
thermal injury to mice caused a depression in the capacity of However, thermal injury results in increased susceptibility to 
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this pathogen. Therefore, a switch from "resistant" to a more 
"susceptible" phenotype provides a model system to evalu- 
ate the effect of DHEA on preserving the "resistant" phe- 
notype in thermally-injured animals. 

Normal (control) and thermally-injured mice were pre- 
pared as described above. Half of the thermally-injured mice 
received a single bolus injection of 100 fig DHEA subcuta- 
neously within 1 hour after thermal injury. Three days later, 
all mice were infected with 2x10° viable L. monocytogenes 
organisms, and 3 days after infection the mice were sacri- 
ficed and homogenates of individual spleens were prepared. 
The number of colonies of L. monocytogenes per spleen 
were evaluated using standard methodology, and scored. 
The results are presented graphically in FIG. 7, where the 
bars represent meanssSEM for each treatment group. The 
results indicate that thermal injury enhances the suscepti- 
bility of the C3H strain mice to infection by L. monocyto- 
genes. Of consequence, DHEA treatment of burned animals 
not only preserves the resistant phenotype, but surprisingly, 
the level of resistance to infection is actually enhanced by 
DHEA treatment over that observed in the control group. 

EXAMPLE 7 

The Effect of 16a-bromo-DHEA and 16a-chloro- 
DHEA on the Depressed Humoral Responses of 
Aged Mice to Protein Antigens 

The effectiveness of the congeners of DHEA, 16ct-bromo- 
DHEAand 16a-chloro-DHEAon age- associated changes in 
the humoral immune response is demonstrated in the fol- 
lowing study. Groups of mature (young) and aged (old) mice 
were treated by topical administration of 10 fig of DHEA, 
16ct-bromo-DHEA, or 16a-chloro-DHEA. Three hours sub- 
sequent to treatment, the treated and control animals were 
subjected to an ovalbumin (OVA) challenge as described in 
the Examples above, and the anti-ovalbumin antibody 
response was measured at Days 0, 3, 5, 7, 10, and 14 after 
immunization. The results, shown in FIG. 8, indicate that 
16a-bromo-DHEA is as effective as DHEA in restoring 
humoral immune responsiveness. The 16a-chloro-DHEA 
yielded a lower, but significant, effect on antibody produc- 
tion. 

EXAMPLE 8 

Topical Administration of DHEA Enhances 
Antibody 

Production with Vaccines to Hepatitis B Surface 
Antigen 

Groups of five mice [(C3H/HeNxC57BL/6)Fl], 72 weeks 
of age, were immunized with 1.5 fig Hepatitis B surface 
antigen (HBSAg) in aluminum hydroxide (273 jug/ml; 
alum). Five of the mice were pre-treated with 10 mg DHEA 
by topical administration 3 hours prior to immunization. 
Sera from individual mice were collected during the primary 
response. Prior to a secondary immunization on Day 50, five 
of the aged control mice were treated with 10 jug DHEA by 
topical administration. All of the mice were then given a 
secondary immunization of 1.5 fig HBSAg in alum and sera 
were collected weekly. Specific response to the vaccination 
was measured by quantitative ELISA. Purified rHBSAg 
diluted in 0.5M Tris-HCl, pH 9.6, at a concentration of 2 
Hglm\ was dispensed into 96-well plates. Following incu- 
bation for a minimum of two hours at room temperature, or 
overnight at 4° C, all plates were blocked with PBS-0.05% 
Tween 20/1.0% bovine serum albumin (BSA) for an addi- 
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tional two-hour incubation at room temperature. Prior to 
adding the test samples, the plates were washed free of 
blocking buffer using three washes of distilled water and one 
wash with PBS/0.05% Tween 20. Individual samples were 

5 first diluted in PBS 0.05% Tween 20/1.0% BSA, and 100 fi\ 
was then dispensed into appropriate wells of the antigen- 
coated plates. Included on each plate was an Ig standard: a 
series of two-fold dilutions of either purified IgG (all 
subclasses) or IgA (reference standards). The reference Ig 
were captured by goat anti-murine Ig which is known to bind 
all murine Ig isotypes. These plates were incubated at room 
temperature overnight, followed by 3x wash in distilled 
water and one wash in PBS/0.05% Tween 20. The detection 
antibody (HRP-lined goat anti-mouse Ig specific for IgG and 
IgA) was diluted in PBS/Tween/10% normal goat serum at 
a dilution recommended by the manufacturer. After a final 
incubation and wash series, the ELISA was developed using 
ABTS-substrate. O.D. readings were recorded at 405 nM 
using a Vmax 96-well microtest plate spectrophotometer 

2Q (Molecular Devices, Menlo Park, Calif.). A simple linear 
regression analysis of the Ig titration generated a reference 
curve for calculating the amount of specific antibody con- 
tained in the test samples. These data are reported as 
ng/mlatSEM. The results are shown in FIG. 9, and confirm 

25 the findings shown in Examples 2 and 3. FIG. 9 demon- 
strates that topical administration of DHEA provides an 
enhancement in the immune response for vaccination with 
HBSAg, as seen by serum anti-HBSAg antibodies. 
Similar effects were seen with the topical administration 

30 of 1 6ct-Br-DHEA. 

EXAMPLE 9 

Administration of DHEA Topically Prior to 
Vaccination or as a Component of the Vaccine 
35 Enhances Antibody Production 

Aged mice [(C3HxBL/6)Fl], approximately 24 months 
old, were given a topical application of 10 fig DHEA three 
hours prior to vaccination with a recombinant Hepatitis B 
surface antigen (rHBSAg). Alternatively, 10 fig DHEA was 

40 incorporated into the vaccine/alum mixture prior to immu- 
nization. Untreated aged mice, and untreated mature adult 
mice [C3HxBL/6)Fl], 26 weeks of age, were administered 
the ethanol vehicle without DHEA. All of the test mice were 
vaccinated with rHbSAg (1.0 fig) in 25 fii alum (273 fig/ml) 

45 through the anatomic site of DHEA or ethanol application. 
Serum samples were collected from individual mice at 
multiple times during the primary response. A secondary 
antigen exposure was given to all mice 50 days after the 
primary immunization. Recall responses were stimulated 

50 without any additional treatment with DHEA. Serum 
samples were then collected 5 and 10 days following sec- 
ondary antigen exposure. Individual serum samples were 
evaluated by quantitative ELISA as described above to 
determine the amount of HBSAg-specific antibody. The 

55 mean and SEM antibody responses at each interval are 
shown in FIGS. 10A and 10B. The results show that the 
serum antibody response to rHBSAg was enhanced in aged 
mice when the mice were treated prior to vaccination with 
topical DHEA (FIG. 10A) or were treated with DHEA 

60 incorporated in the vaccine (FIG. 10B). 

EXAMPLE 10 

Administration of DHEA or DHEA-S Topically or 
as a Component of the Vaccine Enhanced Antibody 
65 Production 

Groups of sex- and age -matched mice [(C3HxC57 BL/6) 
Fl], greater than 24 months of age, were immunized sub- 



08/20/2002, EAST Version: 1.03.0002 



21 



5,837,269 



22 



cutaneously with rHBSAg (1.0 fig in 25 fi\ alum (273 
//g/ml)). Animals were given a topical administration of 10 
fig DHEA three hours prior to vaccination. Alternatively, 10 
fig DHEA or DHEA-S was incorporated into the vaccine/ 
alum mixture prior to immunization. Untreated aged mice 
were administered the ethanol vehicle without DHEA. 
Serum samples were collected from individual mice at 
multiple times and were evaluated by quantitative ELISA as 
described above, to determine the amount of HbSAg- 
speciflc antibody. The mean antibody response is shown in 
FIG. 11. The results show that the serum antibody response 
was enhanced in aged mice when the mice were treated prior 
to vaccination with topical DHEA(#) or were treated with 
DHEA (A) or DHEA-S (♦) incorporated in the vaccine. 

Similar results are obtained when DHEA congeners of 
formula I as set forth in Table A are used in place of DHEA 
or DHEA-S. 

TABLE A 



DHEA Congeners Useful for Vaccine Enhanced 
Antibody Production 



R 1 


R 2 


R 3 
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0 
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H 
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OH 
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OH 
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SH 
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SH 
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SH 


SH 
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SH 


SC 2 H 4 
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SH 
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H 


OC.H, 


SH 


OH 


H 


SOCCH 3 


SH 


SH 


H 


glucuronate 
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O 


H 


OS0 2 OH 
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OH 
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OH 


OS0 2 OH 


OH 


H 


OSOzOCC^Hj, 


O 


OH 


H 


OP(0)(OH)OCCH3 
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0 
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EXAMPLE 11 

Administration of DHEA Enhances Immunization 
with Suboptimal Doses of rHBSAg 

Groups of 8 mature adult CF-1 mice were immunized 
with either 0.5 fig or 0.1 fig rHBSAg in 25 fi\ alum (273 
/ig/ml), subcutaneously in a single hind footpad. Four mice 
in each group were pre -treated with either 10 fig DHEA in 
ethanol or the ethanol vehicle alone, topically applied to the 
same site as the immunization. Serum samples from indi- 



vidual mice were collected and analyzed for specific 
antibody, as described above. The scattergram shows the 
responses in ng/ml of each mouse to the vaccine at 28 days 
post-immunization. FIG. 12 shows that the antibody 
_ response to rHBSAg was enhanced for the suboptimal doses 
of 0.5 fig rHBSAg (FIG. 12A) and of 0. 1 fig rHBSAg (FIG. 
12B). Thus, DHEA enhances the efficiency of vaccination in 
normal immunocompetent mice, when the dose of antigen 
has been previously established to be suboptimal, 

10 EXAMPLE 12 

Topical Administration of DHEA Enhances Serum 
Antibody Production in Elderly Mice Upon 
Vaccination 

Examples 2 and 3 show that DHEA-S administration 

is restored the ability of aged mice to mount a humoral 
immune response against ovalbumin. This example demon- 
strates that topical administration of DHEA prior to vacci- 
nation against several different antigens enhances serum 
antibody production in elderly mice. 
Aged mice [C3H/HeN], approximately 22-27 months of 

20 age, were given a topical application of 10 fig DHEA three 
hours prior to vaccination with Diphtheria toxoid (Dt, 1.0 
fig), Tetanus toxoid (Tt, 1.0 fig), or a Hemophilus Influenza 
Type b conjugate vaccine coupled to Dt (500 ng of Hib 
polysaccharide chemically coupled to 1.25 fig Dt) in stan- 

25 dard alum adjuvant. Untreated aged mice and untreated 
mature adult mice [C3H/HeN], 17-24 weeks of age, were 
administered the ethanol vehicle without DHEA. Serum 
samples were collected from individual mice at multiple 
times during the primary response. Individual serum 

30 samples were evaluated by quantitative ELISA as described 
above, using purified Dt (diluted in 0.05M Tris-HCl (pH 9.6) 
at a concentration of 2.0 //g/ml), purified Tt (diluted in 
0.05M Tris-HCl (pH 9.6) at a concentration of 2 fig/m\), or 
Hib-meningococcal protein conjugate (diluted in 0.05M 
Tris-HCl (pH 9.6) at a concentration of 200 ng/ml 

35 polysaccharide). The mean primary antibody response at 
Day 28 is shown in Table 1. The results show that the serum 
antibody responses to these antigens were enhanced in aged 
mice with topical administration of DHEA prior to vacci- 
nation. Similar results were obtained when DHEA is incor- 

40 porated in the vaccine. 

TABLE 1 



Serum Antibody Production 

Primary Antibody 
Response fag/mD 

DHEA- 



50 



60 



Immunogen 


Mature 
Adult 


Aged 


treated 
Aged 


Diphtheria 


1.65 


0.43 


5.75 


Toxoid (1.0 /ig) 








Tetanus 


6.8 


2.3 


4.6 


Toxoid (1.0 fig) 








Hemophilus Influenza 








Type b Conjugate 








Vaccine: 








Hib Polysaccha- 


13.3 


6.4 


16.2 


ride (500 ng) 








Diphtheria 


5.8 


3.5 


7.8 


Toxoid (1.25 //g) 









EXAMPLE 13 

Administration of DHEA-S in Vaccine Enhances 
Serum Antibody Production in Elderly Mice 

Examples 2 and 3 showed that DHEA-S administration 
restored the ability of aged mice to mount a humoral 
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immune response against ovalbumin. Example 12 demon- 
strated that topical administration of DHEA prior to immu- 
nization enhanced the production of serum anti-bodies in 
elderly mice. This Example demonstrates that administra- 
tion of DHEA-S in the antigen vehicle also enhances serum 
antibody production in elderly mice. Aged mice [C3H/HeN], 
22-27 months of age, were vaccinated with inactivated 
Influenza A Beijing strain (0.1 fig) in a standard alum 
adjuvant (25 ju\; 213 fig alum/ml) which also contained 10 jug 
DHEA-S. Untreated aged mice and untreated mature adult 
mice [C3 H/HeN], 17-24 weeks of age, were administered 
the vaccine without DHEA-S. Serum samples were col- 
lected from individual mice at multiple times during the 
primary response. Individual serum samples were evaluated 
by quantitative ELISA as described above, using purified 
inactivated Influenza A (diluted in 0.05M Tris-HCl (pH 9.6) 
at a concentration of 0.1 /*g/ml). The mean primary antibody 
response at Day 28 is shown in Table 2. The results show 
that the serum antibody response to this antigen was 



10 



15 



then dispensed into appropriate wells of the antigen-coated 
plates. Included on each plate was an Ig standard: a series of 
two-fold dilutions of either purified IgG (all subclasses) or 
IgA (reference standards). The reference Ig were captured by 
goat anti-murine Ig which is known to bind all murine Ig 
isotypes. These plates were incubated at room temperature 
overnight, followed by 3x wash in distilled water and one 
wash in PBS/0.05% Tween 20. The detection antibody 
(HRP-lined goat anti-mouse Ig specific for IgG and IgA) 
was diluted in PBS/Tween/10% normal goat serum at a 
dilution recommended by the manufacturer. After a final 
incubation and wash series, the ELISA was developed using 
ABTS-substrate. O.D. readings were recorded at 405 nM 
using a Vmax 96-well microtest plate spectrophotometer 
(Molecular Devices, Menlo Park, Calif.). A simple linear 
regression analysis of the Ig titration generated a reference 
curve for calculating the amount of specific antibody con- 
tained in the test samples. These data are reported as 
ng/ml±SEM. It was found that mice which received 1,25 



vaccine. 

Similar results are obtained for the DHEA congeners of 
Table A when substituted for DHEA-S. 

TABLE 2 

Serum Antibody Production 



25 



Primary Antibody 
Response fog/ml) 



Immunogen 



Mature 
Adult 



Aged 



DHEA- 
treated 
Aged 



Inactivated 
Influenza A 
Virus (0.1 ^g) 



4.7 



0.16 



4.3 



enhanced in aged mice with incorporation of DHEA-S in the 20 (OH) 2 D 3 at Day 0 showed a slight enhancement in serum 

levels of IgG. Mice which received l,25(OH) 2 D 3 at Day 0 
or Day 5 showed a substantial enhancement in serum levels 
of IgA. Substantial enhancements in serum IgG and IgA 
were seen when mice were immunized with Hemophilus 
Influenza type b polysaccharide conjugate vaccine, Hib 
coupled to Dt(HibCV) and received l,25(OH) 2 D 3 on Day 5. 
Similar results were obtained with topical administration of 
1 ,25(OH) 2 D 3 to other antigens, as shown in the following 
Example. 

EXAMPLE 15 

Administration of l,25(OH) 2 D 3 Enhances Antibody 
Response to Vaccinations with Various Antigens 

Sex- and age -matched mice [CF-1] were immunized 
subcutaneously with the following antigens in alum (273 
//g/ml): 

Chlamydia trachomatus peptide (5 /ig) 
Hemophilus Influenza untypeable (1.0 fig) 
Hemophilus Influenza Type b conjugate vaccine coupled 
to Dt (500 ng of Hib polysaccharide chemically 
coupled to 1.25 fig Dt) 
Respiratory syncytial virus peptide (1 fig) 
Hepatitis B Surface Antigen (1 fig) 
HIV gp 120 (0.5 fig) 

Neisseria gonorrhoeae pilin protein (1 ^g) 
Diphtheria toxoid (1 fig) 

One group of mice was administered 2 fig l,25(OH) 2 D 3 
epicutaneously at the same site on Day 0. Untreated mice 
were administered the ethanol vehicle without l,25(OH) 
2 D 3 . Serum samples and mucosal samples (vaginal lavage 
samples (75 fA of physiological saline)) were collected from 
individual mice at multiple times during the primary 
response. Individual serum and mucosal samples were 
evaluated by quantitative ELISA as described in Example 
14, using the appropriate antigens. The mean primary anti- 
body responses at Day 28 are shown in Table 3 for the serum 
(systemic or humoral) antibodies and in Table 4 for the 
mucosal antibodies. The results show that the serum and 
mucosal antibody responses were enhanced in mice with 
topical administration of l,25(OH) 2 D 3 . Mucosal antibodies 
(both IgG and IgA) were also detected in other mucosal 
secretions, including lacrimal, rectal, oral and lung. Similar 
results were obtained when all trans-retinoic acid is used in 
place of l,25(OH) 2 D 3 . 



EXAMPLE 14 

Administration of l,25(OH) 2 D 3 With Vaccination to 
Diphtheria Toxoid Enhances Antibody Response 

Groups of 3-5 age-matched C3H/HeN female mice were 
given primary immunization subcutaneously in the right 
footpad with 10 fig Diphtheria toxoid (Dt; Connaught 
Laboratories) in alum (273 figfmX). One group of mice were 
administered 2 fig l,25(OH) 2 D 3 epicutaneously to the right 
footpad surface on Day 0. A second group of mice was 
similarly administered l,25(OH) 2 D 3 on Day 5 after immu- 
nization. A third group of mice (control) received an equal 
volume of the ethanol carrier. After weekly sampling of 
serum, mice were secondarily immunized subcutaneously 
through an intrapelvic route with Dt and no additional 
exposure to l,25(OH) 2 D 3 . Serum samples were collected 
and all primary and secondary samples were then assayed 
individually using a Dt-specific, quantitative EUSA for IgG 
and IgA, using purified Dt diluted in 0.05M Tris-HQ (pH 
9.6) at a concentration of 2.0 fig/ml. The purified Dt was 
dispensed into 96-well plates. Following incubation for a 
minimum of two hours at room temperature, or overnight at 
4° C, all plates were blocked with PBS-0.05% Tween 
20/1.0% bovine serum albumin (BSA) for an additional 
two-hour incubation at room temperature. Prior to adding 
the test samples, the plates were washed free of blocking 
buffer using three washes of distilled water and one wash 
with PBS/0.05% Tween 20. Individual samples were first 
diluted in PBS 0.05% Tween 20/1.0% BSA and 100 ml was 
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TABLE 3 



Secretory Antibody Production 



Systemic I R f nR /ml) 



Vaccine 



Vaccine With 
Topical 





IgG 


IgA 


IgG 


IgA 


Chlamydia 


<0.02 


43 


55 


85 


trachomatis 










peptide (5 fig) 










Hemophilus 


3235 


69 


4712 


93.2 


influenza 










untypeable 










Hemophilus Influenza 










type b-CV: 










- Hib polysac- 


25 


12.5 


125 


76.1 


charide (500 ng) 










- Diphtheria 


853 


11.6 


1285 


20.3 


toxoid (1.25 /ig) 










Respiratory 


2746 


225 


8440 


754 


Syncytial virus 










peptide (1 /ig) 










Hepatitis B sur- 


254 


58 


902 


149 


face antigen (1 ftg) 










HIV gp 120 (.5 /ig) 


1356 


854 


2459 


1408 


Neisseria gonorrhoeae 


844 


16.3 


1841 


29.1 


pilin protein (1 fig) 










Diphtheria 


1233 


23 


1640 


137 


toxoid (1 fig) 











TABLE 4 



Secretory Antibody Production 

Mucosal Ig fog/ml) 



Vaccine 
Only 



Vaccine With 
Topical 





IgG 


IgA 


IgG 


IgA 


Chlamydia 


<20 


397 


759 


2234 


trachoma tus 










peptide (5 /ig) 










Hemophilus 


719 


1384 


2081 


1865 


Influenza 










untypeable 










Hemophilus Influenza 










type b-CV: 










- Hib polysac- 


180 


440 


280 


1720 


charide (500 ng) 










- Diphtheria 


310 


400 


590 


1400 


toxoid (1.25 /ig) 










Respiratory 


<20 


<20 


1544 


1264 


Syncytial virus 










peptide (1 fig) 










Hepatitis B sur- 


<20 


<20 


450 


250 


face antigen (1 /ig) 










HIV gp 120 (.5 /ig) 


35 


45 


1428 


755 


Neisseria gonorrhoeae 


6341 


1063 


10235 


5486 


pilin protein (1 /ig) 










Diphtheria 


<20 


60 


1.8 


1125 


toxoid (1 fig) 











The above example was repeated, using 0.1 fug l,25(OH) 
2 D 3 in the vaccine (in a total volume of 25 /d with alum (250 
/*g/ml)) instead of topical administration of the l,25(OH) 
2 D 3 . Identical results were obtained as set forth in Tables 3 
and 4. 



60 
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EXAMPLE 16 



10 



15 



20 



Comparative Effect of l,25(OH) 2 D 3 and All Trans- 
Retinoic Acid on Immunoglobulin Production 

Groups of sex- and age-matched mice [CF-1], 17-24 
weeks of age, were immunized with 1.0 fig HBSAg in 25 p\ 
alum. The mice in each group were immunized with either 
vaccine alone, vaccine with 0.1 fig l,25(OH) 2 D 3 , or vaccine 
with 5 [A all trans-retinoic acid. The agents were incorpo- 
rated directly into the vaccine mixture. Individual serum 
(systemic) samples and mucosal samples (vaginal lavage 
samples (75 fi\ of physiological saline)) were collected at 
weekly intervals during the primary response. The mean 
quantities of antibodies (IgG and IgA) detected in the serum 
and mucosal secretions 28 days after a single immunization 
are shown in Table 5. The results show that both l,25(OH) 
2 D 3 and all trans-retinoic acid enhance both the serum and 
mucosal antibody response. 

TABLE 5 



Antibody Production with l,25(OH) 2 D 3 or 
All Trans- Retinoic Acid 



^ Composition 
of Vaccine 



Systemic Ig 
fng/mD 



Mucosal Ig 



Vaccine only 
Vaccine w/0.1 /ig 
30 l,25(OH) 2 D, 

Vaccine w/5 fig All 
Trans-Retinoic Acid 



IgG 


IgA 


IgG 


IgA 


225 


160 


35 


<20 


457 


494 


352 


341 


295 


531 


437 


311 



35 



EXAMPLE 17 



Administration of DHEA and l,25(OH) 2 D 3 in 
Vaccine Enhances Serum and Mucosal Antibody 
Response 

40 Groups of five mature adult C3H mice were immunized 
with 0.1 fig inactivated Infiuenza-A Beijing strain in 25 /d of 
alum (273 ftg/ml) in the hind footpad. The mice in each 
group were immunized with either vaccine alone, vaccine 
plus 2 fig DHEA, vaccine plus 0.1 fig l,25(OH) 2 D 3 or 

45 vaccine with both 2 fig DHEA and 0.1 fig l,25(OH) 2 D 3 . The 
agents were incorporated directly into the vaccine mixture. 
Individual serum (systemic) samples and mucosal samples 
(vaginal lavages (75 fd physiological saline)) were collected 
at weekly intervals during the primary response and evalu- 

50 ated by quantitative ELISA. FIGS. 13A-13D show the mean 
quantities of antibody detected in serum (A and B) and 
mucosal secretions (C and D) 28 days after a single 
immunization, respectively. The results show that 
co-administration of DHEA and l,25(OH) 2 D 3 in the vaccine 

55 synergistically enhances both the serum and mucosal anti- 
body response. 

EXAMPLE 18 



Administration of DHEA and l,25(OH) 2 D 3 in 
Vaccine Enhances Serum and Mucosal Antibody 
Response 

Groups of five mature adult CF1 mice were immunized 
with 1.0 fig rHBSAg in 25 ^1 of alum (273 fig/ml) in the hind 
footpad. The mice in each group were immunized with 
either vaccine alone, vaccine plus 2 fig DHEA, vaccine plus 
0. 1 fug of l,25(OH) 2 D 3t or vaccine with both 2 fig DHEA and 
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0.1 fig 1,15(0\{}J^ 3 . The agents were incorporated directly 
into the vaccine mixture. Individual serum (systemic) 
samples and mucosal samples(vaginal lavages (75 ju\ of 
physiological saline)) were collected at weekly intervals 
during the primary response. FIGS. 14A-14D show the 
mean quantities of antibody detected in serum (A and B) and 
mucosal secretions (C and D) 21 days after a single immu- 
nization. The results show that co-administration of DHEA 
and l,25(OH) 2 D 3 in the vaccine synergistically enhances 
both the serum and mucosal antibody response. 

Similar results are obtained for the DHEA congeners of 
Table A when substituted for DHEA. 

EXAMPLE 19 

Administration of DHEA and All Trans-Retinoic 
Acid in Vaccine Enhances Serum and Mucosal 
Antibody Response 

Groups of five mature adult CF1 mice were immunized 
with 1.0 fig rHBSAg in 25 fA of alum (273 figlmX) in the hind 
footpad. The mice in each group were immunized with 
either vaccine alone, vaccine plus 5.0 fig of all trans-retinoic 
acid, or vaccine with both 2 fig DHEA and 5.0 fig all 
trans-retinoic acid. The agents were incorporated directly 
into the vaccine mixture. Individual serum (systemic) 
samples and mucosal samples (vaginal lavages (75 fi\ of 
physiological saline)) were collected at weekly intervals 
during the primary response. FIGS. 15A-15D show the 
mean quantities of antibody detected in serum (A and B) and 
mucosal secretions (C and D) 21 days after a single immu- 
nization. The results show that co-administration of DHEA 
and all trans-retinoic acid in the vaccine synergistically 
enhances both the serum and mucosal antibody response. 

EXAMPLE 20 

Administration of DHEA in a Vaccine Enhances 
Specific Immune Responses in Neonates 

Two-week old CF1 mice were immunized with 1.0 fig 
rHBSAg in 25 fd of alum (273 fig/ml). Another group of 
two-week old CF-1 mice were immunized identically, 
except that the composition included 10 fig DHEA. A third 
group of fully mature CF-1 mice were immunized with the 
1.0 fig rHBSAg in alum by subcutaneously injection. After 
a six-week rest, individual serum samples were obtained and 
then all mice were re-immunized with 1.0 fig rHBSAg in 
alum by subcutaneous injection. No additional exposure to 
DHEA was supplied. Individual serum samples were again 
collected from all mice at one and two weeks past the 
booster immunization. The specific serum IgM, IgG and IgA 
response of neonatal mice to rHBSAg is shown in FIGS. 
16A-16C. These figures show that the vaccination of neo- 
natal mice with DHEA added to the rHBSAg vaccine 
influences the serum antibody response measured in these 
mice later on in life. A selective enhancement of IgG 
anti-rHBSAg antibody with no measurable enhancement of 
specific IgM and IgA antibody in young adult mice that 
received primary immunization during a pre- 
immunocompetent stage of life was observed. 

EXAMPLE 21 

Administration of l,25(0H) 2 _ ie -ene Vitamin D 3 in 
Vaccine Enhances Serum and Mucosal Antibody 
Response 

Groups of mature adult CF1 mice were immunized with 
1.0 fig rHBSAg in 25 fi\ of alum (273 ^g/ml) in the hind 
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footpad. The mice in each group were immunized with 
either vaccine alone, vaccine plus 0.1 fig l,25(OH) 2 D 3 , or 
0.1 fig l,25(OH) 2 -16-ene D 3 . The agents were incorporated 
directly into the vaccine mixture. Antibody production was 

5 followed over 30 days in individual serum samples, fecal 
samples and mucosal samples (vagninal lavages (75 jA of 
physiological saline)). Identical results were obtained with 
both l,25(OH) 2 D 3 and l,25(OH) 2 -16-ene D 3 . These results 
were identical to those reported in the previous examples, 

10 i.e., an increase in both serum and mucosal IgG and IgA 
antibody levels when compared to the vaccine alone. In 
addition, increased IgA antibodies were seen in fecal 
samples for the vaccines containing l,25(OH) 2 D 3 and 1,25 

15 (OH) 2 -16-ene D 3 , when compared to the vaccine alone. 

The immunized mice were then challenged with 2.0 fig 
rHBSAg intranasally, and antibody production followed for 
10 days. The antibody titres were measured in lung lavages 
(75 fi\ physiological saline) and in feces. The titre of 

20 anti-rHBSAg antibodies (IgG and IgA) was elevated for 
both the vaccines containing l,25(OH) 2 D 3 or 1,25(0H) 2 - 
16-ene D 3 compared to vaccine alone. The titre of IgA in 
feces was also elevated but not as great as in the lung 

25 lavages. 

EXAMPLE 22 

Topical Administration of Calcipotriene Enhances 
30 Serum and Mucosal Antibody Response 

Groups of mature adult mice were immunized with 0.1 fig 
rHBSAg in 25 fi\ alum (273 fig/ml) in the hind footpad. 
One-third of the mice were treated with 0.5 fig l,25(OH) 2 D 3 

35 by topical application at the site of immunization, 5 days 
after immunization. One-third of the mice were similarly 
treated with 0.5 fig calcipotriene. Antibody production was 
followed over 30 days in individual serum samples, fecal 

4Q samples and mucosal samples (vaginal lavages (75 fi\ of 
physiological saline)). Identical results were obtained with 
l,25(OH) 2 D 3 as previously noted, i.e., increased production 
of serum and mucosal IgG and IgA antibodies in serum and 
mucosal secretions when compared to vaccine alone. In 

4 5 addition, increased production of IgA was seen in fecal 
samples when compared to vaccine alone. 

Similar results as seen with l,25(OH)2D 3 were seen with 
calcipotriene except the serum IgG levels were not elevated 
5q as much as with l,25(OH) 2 D 3 . 

While the invention has been disclosed in this patent 
application by reference to the details of preferred embodi- 
ments of the invention, it is to be understood that the 
disclosure is intended in an illustrative rather than in a 
55 limiting sense, as it is contemplated that modifications will 
readily occur to those skilled in the art, within the spirit of 
the invention and the scope of the appended claims. 

What is claimed is: 

60 1. A vaccine composition comprising 1) an amount of a 
specific antigen, wherein said amount of specific antigen 
causes an immune response, and 2) an amount of a dehy- 
droepiandrosterone (DHEA) congener in a physiologically 
acceptable carrier, wherein said congener is selected from 

65 the group consisting of i) a compound or ii) a pharmaceu- 
tically acceptable salt of said compound wherein said com- 
pound has the formula 
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wherein 

X is H or halogen; 

R\ R 2 and R 3 are independently =0, —OH, — SH, H, 
halogen, pharmaceutically acceptable ester, pharma- 
ceutically acceptable thioester, pharmaceutically 
acceptable ether, pharmaceutically acceptable 
thioether, pharmaceutically acceptable inorganic esters, 
pharmaceutically acceptable monosaccharide, disac- 
charide or oligosaccharide, spirooxirane, spirothirane, 
— - OS0 2 R 5 or — OPOR 5 R G ; and 

R 5 and R 6 are independently — OH, pharmaceutically 
acceptable esters or pharmaceutically acceptable 
ethers; and 

wherein said amount of congener causes an increase of said 
immune response as compared to an immune response seen 
in the absence of said congener, with the proviso that said 
congener is not selected from the group consisting of 
5-androstene-3p,17p-diol (AED) and 5-androstene-3(3,17|3, 
17p-triol (AET). 

2. A vaccine composition comprising 1) an amount of a 
specific antigen, wherein said amount of specific antigen 
causes an immune response, and 2) an amount of a dehy- 
droepiandrosterone (DHEA) congener in a physiologically 
acceptable carrier, wherein said DHEA congener is selected 
from the group consisting of DHEA, DHEAS and 16-a- 
bromo-DHEA. 

3. The vaccine composition of claim 1 wherein the 
vaccine contains 0.1-1,000 /*g of said congener. 

4. The vaccine composition of claim 2 wherein the 
vaccine contains 0.1-1,000 fig of said congener. 

5. The vaccine composition of claim 1 wherein said 
antigen is capable of eliciting an immune response against 
viral hepatitis, influenza, diphtheria, tetanus, pertussis, 
measles, mumps, rubella, polio, pneumococcus, herpes, res- 
piratory syncytial virus, haemophilus influenza type b, 
varicella-zoster virus or rabies. 

6. The vaccine composition of claim 2 wherein said 
antigen is capable of eliciting an immune response against 
viral hepatitis, influenza, diphtheria, tetanus, pertussis, 
measles, mumps, rubella, polio, pneumococcus, herpes, res- 
piratory syncytial virus, haemophilus influenza type b, 
varicella-zoster virus or rabies. 

7. A method for enhancing an antigen-specific cell- 
mediated immune response which comprises administering 
to an individual an amount of an immunomodulator as a 
vaccine adjuvant, wherein said amount of immunomodula- 
tor causes an enhanced antigen-specific cell-mediated 
immune response as compared to an antigen-specific cell- 
mediated immune response seen in the absence of said 
immunomodulator, said immunomodulator selected from 
the group consisting of 1) a dehydroepiandrosterone 
(DHEA) congener, wherein said DHEA congener is selected 
from the group consisting of i) a compound or ii) a phar- 
maceutically acceptable salt of said compound wherein said 
compound has the formula 



30 



R2 



5 




10 

wherein 

X is H or halogen; 

R\ R 2 and R 3 are independently =0, — OH, — SH, H, 
halogen, pharmaceutically acceptable ester, pharma- 

15 ceutically acceptable thioester, pharmaceutically 
acceptable ether, pharmaceutically acceptable 
thioether, pharmaceutically acceptable inorganic esters, 
pharmaceutically acceptable monosaccharide, disac- 
charide or oligosaccharide, spirooxirane, spirothirane, 

2Q — OS0 2 R 5 or — OPOR 5 R e ; and 

R 5 and R G are independently — OH, pharmaceutically 
acceptable esters or pharmaceutically acceptable ethers 
and 2) a lymphoid organ modifying agent, wherein said 
lymphoid organ modifying agent is 1,25-dihydroxy 
Vitamin D 3 , with the proviso that said convener is not 

25 selected from the group consisting of 5-androstene-3(3, 
170-diol (AED) and 5-androstene-3p,7p,17p-triol 
(AET). 

8. The method of claim 7 wherein the immunomodulator 
is administered up to three hours prior to vaccination. 
30 9. The method of claim 7 wherein the immunomodulator 
is administered contemporaneously with vaccination. 

10. The method of claim 7 wherein the immunomodulator 
is administered in a vaccine. 

11. The method of claim 7 wherein said immunomodu- 
35 lator is said DHEA congener. 

12. A method for enhancing an antigen-specific cell- 
mediated immune response which comprises administering 
to an individual an amount of an immunomodulator as a 
vaccine adjuvant, wherein said amount of immunomodula- 

40 tor causes an enhanced antigen-specific cell-mediated 
immune response as compared to an antigen-specific cell- 
mediated immune response seen in the absence of said 
immunomodulator, said immunomodulator selected from 
the group consisting of 1) a dehydroepiandrosterone 

45 (DHEA) congener wherein said DHEA congener is selected 
from the group consisting of DHEA, (DHE^^and 16-a- 
bromo-DHEA and 2) a lymphoid organ notifying agent, 
wherein said lymphoid organ modifying agent is 1,25 dihy- 
droxy vitamin D 3 . 

50 13. The method of claim 12 wherein said congener is 
DHEA. 

14. The method of claim 12 wherein said congener is 
DHEAS. 

15. The method of claim 12 wherein said compound is 
55 16-a-bromo-DHEA. 

16. The method of claim 12 wherein said immunomodu- 
lator is 1,25-dihydroxy Vitamin D 3 . 

17. The method of claim 12 wherein the amount of said 
DHEA congener is 0.1-1,000 /4g. 

60 18. The method of claim 7 wherein said immunomodu- 
lator is administered epicutaneously. 

19. The method of claim 7 wherein said immunomodu- 
lator is administered intramuscularly, 

20. The method of claim 7 wherein said immunomodu- 
65 lator is administered intradermally. 

21. The method of claim 7 wherein the immunomodulator 
is administered subcutaneously. 
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22. The method of claim 7 wherein the immunomodulator 
is administered up to three hours after vaccination. 

23. The method of claim 7 wherein the amount of said 
lymphoid organ modifying agent is 0.1-500 /*g. 

24. The method of claim 8 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 
polio, pneumococcus, herpes, respiratory syncytial virus, 
Haemophilus influenza type b, varicella-zoster virus or 
rabies. 

25. The method of claim 9 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 
polio, pneumococcus, herpes, respiratory syncytial virus, 
haemophilus influenza type b, varicella-zoster virus or 
rabies. 

26. The method of claim 10 wherein said vaccine com- 
prises an antigen which is capable of eliciting an immune 
response against viral hepatitis, influenza, diphtheria, 
tetanus, pertussis, measles, mumps, rubella, polio, 
pneumococcus, herpes, respiratory syncytial virus, haemo- 
philus influenza type b, varicella-zoster virus or rabies. 

27. The method of claim 22 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 
polio, pneumococcus, herpes, respiratory syncytial virus, 
haemophilus influenza type b, varicella-zoster virus or 
rabies. 

28. The method of claim 7 wherein said immunomodu- 
lator is administered topically. 

29. A method for enhancing an antigen-specific CD4 
T-cell function response which comprises administering to 
an individual an amount of an immunomodulator as a 
vaccine adjuvant, wherein said amount of immunomodula- 
tor causes an enhanced antigen-specific CD4 T-cell function 
response as compared to an antigen-specific CD4 T-cell 
function response seen in the absence of said 
immunomodulator, said immunomodulator selected from 
the group consisting of 1) a dehydroepiandrosterone 
(DHEA) congener, wherein said DHEA congener is selected 
from the group consisting of i) a compound or ii) a phar- 
maceutically acceptable salt of said compound wherein said 
compound has the formula 



R2 




wherein 
X is H or halogen; 

R 1 , R 2 and R 3 are independently =0, — OH, —SH y H, 
halogen, pharmaceutical^ acceptable ester, pharma- 
ceutically acceptable thioester, pharmaceutically 
acceptable ether, pharmaceutically acceptable 
thioether, pharmaceutically acceptable inorganic esters, 
pharmaceutically acceptable monosaccharide, disac- 
charide or oligosaccharide, spirooxirane, spirothirane, 
— OS0 2 R 5 or — OPOR 5 R 6 ; and 

R 5 and R 6 are independently — OH, pharmaceutically 
acceptable esters or pharmaceutically acceptable ethers 
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and 2) a lymphoid organ modifying agent, wherein said 
lymphoid organ modifying agent is 1,25-dihydroxy 
Vitamin D 3 , with the proviso that said congener is not 
selected from the group consisting of 5-androstene-3p, 
5 17P-diol (AED) and 5-androstene-3p,7p,17|Mriol 
(AET). 

30. The method of claim 29 wherein the immunomodu- 
lator is administered up to three hours prior to vaccination. 

31. The method of claim 29 wherein the immunoraodu- 
lator is administered contemporaneously with vaccination. 

32. The method of claim 29 wherein the immunomodu- 
lator is administered in a vaccine. 

33. The method of claim 29 wherein said immunomodu- 
lator is said DHEA congener. 

34. A method for enhancing an antigen -specific CD4 
15 T-cell function response which comprises administering to 

an individual an amount of an immunomodulator as a 
vaccine adjuvant, wherein said amount of immunomodula- 
tor causes an enhanced antigen-specific CD4 T-cell function 
response as compared to an antigen-specific CD4 T-cell 

20 function response seen in the absence of said 
immunomodulator, said immunomodulator selected from 
the group consisting of 1) a dehydroepiandrosterone 
(DHEA) congener, wherein said DHEA congener is selected 
from the group consisting of DHEA, DHEAS and 16-ct- 

25 bromo-DHEA and 2) a lymphoid organ modifying agent, 
wherein said lymphoid organ modifying agent is 1,25- 
dihydroxy vitamin D 3 . 

35. The method of claim 34 wherein said congener is 
DHEA. 

30 36. The method of claim 34 wherein said congener is 
DHEAS. 

37. The method of claim 34 wherein said congener is 
16-a-bromo-DHEA. 

38. The method of claim 34 wherein said immunomodu- 
35 lator is 1,25-dihydroxy Vitamin D 3 . 

39. The method of claim 33 wherein the amount of said 
DHEA congener is 0.1-1,000 jug. 

40. The method of claim 29 wherein said immunomodu- 
lator is administered epicutaneously. 

40 41. The method of claim 29 wherein said immunomodu- 
lator is administered intramuscularly. 

42. The method of claim 29 wherein said immunomodu- 
lator is administered intradermally. 

43. The method of claim 29 wherein the immunomodu- 
45 lator is administered subcutaneously. 

44. The method of claim 29 wherein the immunomodu- 
lator is administered up to three hours after vaccination. 

45. The method of claim 38 wherein the amount of 
1,25-dihydroxy Vitamin D 3 is 0.1-500 pig. 

50 46. The method of claim 30 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 
polio, pneumococcus, herpes, respiratory syncytial virus, 

55 haemophilus influenza type b, varicella-zoster virus or 
rabies. 

47. The method of claim 31 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 

60 diphtheria, tetanus, pertussis, measles, mumps, rubella, 
polio, pneumococcus, herpes, respiratory syncytial virus, 
haemophilus influenza type b, varicella-zoster virus or 
rabies. 

48. The method of claim 35 wherein said vaccine com- 
65 prises an antigen which is capable of eliciting an immune 

response against viral hepatitis, influenza, diphtheria, 
tetanus, pertussis, measles, mumps, rubella, polio, 



08/20/2002, EAST Version: 1.03.0002 



5,837,269 



33 



pneumococcus, herpes, respiratory syncytial virus, Haemo- 
philus influenza type b, varicella-zoster virus or rabies. 

49. The method of claim 44 wherein said vaccination 
comprises an antigen which is capable of eliciting an 
immune response against viral hepatitis, influenza, 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 



34 



polio, pneumococcus, herpes, respiratory syncytial virus, 
haemophilus influenza type b, varicella-zoster virus or 
rabies. 

50. The method of claim 29 wherein said immunomodu- 
lator is administered topically. 
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